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HE surgery of abdominal wounds has 

been unduly dramatized. Robbed of 
histrionics, it still remains an impor- 

tant aspect of forward surgery, par- 
ticularly in mobile war. It is important be- 
cause, without early and expert operation, the 
majority of patients die; because skilled 
preoperative and postoperative care, the 
surroundings and accessories that they de- 
mand, and the administrative foresight that 
makes them possible are as important as the 
operation itself; and because the lives saved 
by operation are nearly always useful ones. 
There are few chronic abdominal invalids—at 
any rate among soldiers. A number of men 
who were wounded in the belly at Alamein 
marched with the Eighth Army into Tunis. 
I have always been interested in this branch 
of War Surgery, and during my visits to for- 
ward surgical groups of the Eighth Army in 
several of its major battles, I was impressed 
beyond measure by the general excellence of 
the work and by some remarkable series in the 
hands of individual surgeons. Picked series 
are at the bottom of most unsound surgical 
teaching, and it was therefore with a view to 
get the average results in the Western Desert, 
the operations done by experts under the best 
conditions with those done by the youngsters 
in the heat of the battle, the late cases with 
the early, the bad luck with the good, that this 


Consultant Surgeon, Middle East Forces; Late Consultant 
Surgeon, East Africa Command. 


enquiry was started. The figures are presented 
with parental pride, for the relation of a 
Consultant Surgeon to his Field Surgical 
Units is very much that of a hen to her 
chickens, even when, as in this case, the eggs 
were laid in many teaching centers throughout 
the Empire, and only the incubation and 
hatching are his. 

Wounded men die from hemorrhage, shock, 
or infection: in the first 2 hours from hemor- 
rhage, in the first 2 days from shock of 
which hemorrhage is the chief cause, later 
from infection. Men wounded in the belly 
face the same dangers, but in each case there 
are local factors that must be considered. 

Hemorrhage from mesenteric vessels or 
solid viscera may be very free, and there is 
less tendency to natural arrest than in hemor- 
rhage from limb vessels and no chance of 
arrest by first aid measures such as pads, 
forcipressure, or the tourniquet. For these 
reasons, though shock may be temporarily 
alleviated by transfusion, it cannot be arrested 
or overcome; resuscitation divorced from 
surgery is folly. 

Anaerobic infection of voluntary muscle is 
a remote danger in abdominal wounds unless 
the track passes through the buttock, and 
infection means peritonitis—a complication 
whose menace is less immediate. Torn in- 
testines do not leak widely for many hours, 
and the peritoneal cavity has remarkable 
powers of localization and repair. 
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S.M.S.A., a Sudanese soldier, was wounded in 
the right iliac fossa in the Commando raid on the 
Jalo Oasis in 1942. He was brought back 700 miles 
over desert tracks, a journey of 6 days during which 
the party leaguered by night and were attacked 
every day from the air. He drank water but ate 
nothing. He arrived at the River Hospital, Khar- 
toum, on 25 September. with a localized abscess, 
which was drained and cleared up rapidly, leaving 
three intestinal fistulae which closed spontaneously. 
He was discharged from hospital on 7 December 
with his wound healed. 

J.T.D.F., a New Zealander, was wounded in the 
Alamein battle on 5 November 1942 by a machine 
gun bullet that traversed his abdomen from side to 
side at the level of the umbilicus. He was admitted 
to a M.D.S. in an apparently moribund condition 
and transfused. He later passed through two C.C.S’s. 
In each unit the notes describe him as having general 
peritonitis and being too ill for even the slightest 
surgical intervention. He was given morphia and 
kept on intravenous blood, plasma, and fluids. On 
g November he arrived in a hospital at Alexandria 
(then only 30 miles from the C.C.S.). He still had 
general peritonitis. His abdomen was distended, 
tender, and rigid. But in his general condition, his 
color, his pulse, his moist tongue, and his will to live, 
he had clearly turned the corner. His distension 
subsided, he started to pass flatus and later feces, 
and he recovered without operation. He was 
discharged on 31 December.! 


It is therefore necessary at the first assess- 
ment of any abdominal casualty to decide not 
only whether the abdomen has been pene- 
trated, but what is wrong. Hemorrhage is a 
matter of first urgency, peritonitis of second 
urgency. A man with a belly injury seen 4 
hours after wounding may be badly shocked: 
if so, he has bled, is probably still bleeding, 
and must be transfused then and operated on 
there if he is to be given his best chance. 
Another with a similar wound may be com- 
paratively fit: his danger is peritonitis, and 
while he too needs operation, and the sooner 
the better, he can wait another 4 hours and 
will be better to wait, if in that time he can 
be brought to a more skilful surgeon, a better 
theater, and a fairly stable unit with x-rays, 
beds, and nurses. For it cannot be emphasized 
too strongly that the dangers of the abdominal 
patient are not over when the last stitch has 
been put in. Recovery depends almost as 
much on the skill and the duration of the 
after-care as on the operation itself. No case 
travels so badly as an abdominal patient after 


INeither of these cases is included in the present series. 


operation, and even a small move may be 
fatal, as indicated in the following paragraph, 
taken from the Report dated 30 March, 1943 
by Consultant Surgeon, 2/N.Z.E.F. on the 
Tunisian Campaign: 

“March 30th: Advance Party of the CCS left for 
new location, South of Gabes. Our CCS was 
emptied by an evacuation over to 3 CCS close by. 
Twenty one cases were sent to the CCS and it was 
learnt later that some had died within a short 
period after shifting. The surgeons concerned were 
of the opinion that the deaths were not expected, 
and it appeared that even shifting ill patients a few 
hundred yards can be very deleterious.” 

In comparing the mortality of different 
surgeons, of different units, and of different 
phases of the war, this factor must be taken 
into account. Whenever the military situation 
has forced early evacuation, the abdominal 
mortality has risen. Severe burns alone rival 
the abdominals in their inability to stand 
transport; limb wounds travel well after 
immobilization, chests after a short rest 
period, heads under almost all conditions. 

There is great need to insist on the sober 
assessment of the abdominal patients for the 
drama of war is unfortunately a deep instinct 
of mankind, one which dictators can always 
twist to their advantage. Surgeons, and the 
administrative officers who control them, can 
hardly resist this primeval urge for the clash 
and thunder of conflict. “If this is a battle, 
let’s be bloody”’ might be their motto. There 
is no more miserable man than a young sur- 
geon who has done his turn in a forward unit, 
and has been relegated to the base for a spell 
of cold surgery; as he sits at breakfast in the 
comforts of Cairo, reading in the morning 
papers of the feats of the Division with whom 
he has faced dust and danger, he is filled with 
a nostalgia that is real pain. There is no more 
happy man than the same surgeon, working 
stripped to the waist in a small tent hidden by 
a rise of the ground from enemy guns, but well 
within the noise of battle. As he hears the 
planes going out or coming back overhead he 
feels he is one with those grand men he is 
working for; or as he lies flat for a moment 
while the covey of bomb fragments whines 
around, he is happy that he is sharing their 
dangers. It is very difficult for such a man, 
when he examines a soldier with an abdominal 
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wound, to say “Yes, he needs operation, but 
he is fit, and he will stand a better chance if 
he goes another 20 miles to X C.C.S.” Yet 
that is the decision he must make, with all 
casualties. He must not only ask “Does he 
need operation?” but, “Am I the best man to 
do it? Is this the best time to do it? Is this the 
best place to do it?” 

The minimum requirements of a surgical 
center, where abdominal wounds will be given 
the best chance, may be put down roughly as 
follows. 

1. A surgeon used to abdominal surgery. 
He need not be a star and he certainly should 
not think himself one, but he must have been 
well trained. Several of our best surgeons are 
unknown young men without higher qualifi- 
cations, but they are quick, sure, neat, and 
fearless. 

2. An expert anesthetist. 

3. A theater with good light that will shine 
into the pelvis, a standard lamp that can give 
a lateral beam, and a table that can tilt. Given 
these requirements, a tent is as good as a 
building. 

4. X-rays. Routine radiography of ab- 
dominal injuries is a waste of time, and 
beautiful films are not needed, but there are 
certain questions that can be answered only 
by radiography, chiefly when there is only a 
wound of entry and the site of the foreign 
body is unknown. 

A single wound in the buttock without 
abdominal symptoms: is the bullet in the 
pelvis or can the case be evacuated without 
operation? 

A single wound in the chest with unilateral 
abdominal guarding: is this a chest wound to 
be left alone, or an abdominothoracic wound 
for operation? 

A clear abdominothoracic wound: should 
approach be by thoracotomy or laparotomy? 

A single wound in the loin: can the neces- 
sary surgery be done through the original 
wound or is laparotomy advisable? 

5. Wards that are rainproof, dustproof, and 
well ventilated in spite of black out; the 
penthouses of forward medical units satisfy 
none of these requirements. 

6. Beds, apparatus for blocking and the 
Fowler position, bed rests, air rings, intra- 


227 


venous drip and suction apparatus, bed pans, 
water bottles, and some facilities for making 
abdominal diets. 

7. Skilled, but not necessarily female, 
nursing. 

8. The certainty that abdominal cases can 
be kept for at least 10 days. Reasonable 
access to a good road or an aerodrome for 
evacuation. 

Isolated surgical units and grouped opera- 
ting centers must often be pushed in front of 
any possible site for such a set-up. They must 
necessarily be less lavishly equipped, less well 
housed, ready to move at short notice, and, 
therefore, less suitable for, and practiced in, 
the care of the seriously ill. These units 
should not undertake the surgery of abdom- 
inal wounds, except in those cases—nearly 
always of hemorrhage—in which it is clear 
that the man is likely to die before he reaches 
the unit farther back, or when they are 
attached to independent operational groups 
and there is no other surgical formation within 
reasonable distance behind. 

This point must be insisted on, because 
there is the constant temptation on the part 
of keen medical administrative officers to 
push forward their surgeons beyond the point 
where they can do useful work, and for 
surgeons there to undertake more than life- 
saving surgery with the splendid folly that 
prompted the charge of the Light Brigade. 


A Field Ambulance designed and built a mobile 
operating theater on two captured Italian chassis. 
The theater, a grand example of skilful planning and 
clever detail, was installed in an olive orchard in 
Tunisia, 6 miles from the Germans, dug in and 
camouflaged overhead. In it a young officer was 
operating on a soldier with a belly wound. The man 
did not need operation, for the wound was parietal 
only; the officer was no surgeon; the unit was in any 
case not one to nurse an abdominal case; but it was 
a lovely theater. Even so, might George Washington 
have reasoned, “It’s a lovely axe—pity not to use 
it”? 

An operating group, consisting of a Heavy Field 
Ambulance reinforced by the addition of four Surgi- 
cal Units, an X-Ray Unit, 40 beds, and extra nursing 
personnel, was working 12 miles behind the line. 
For some reason a single Field Surgical Unit was 
placed 4 miles in front of this group along an excel- 
lent road, attached to a Light Field Ambulance with 
only penthouse shelters and no beds. The surgeon 
did 10 operations including 2 abdominals, and was 
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then ordered elsewhere, leaving his patients to the 
care of the Field Ambulance. 

These two instances are cited to show how 
things go wrong even after 3 years of fighting, 
not from ignorance or slackness but from the 
reverse qualities. The hack needs the spur, 
but the thoroughbred must be constantly 
held in check or he will override hounds. So 
in the best and most experienced surgical 
formations errors of overenthusiasm con- 
stantly recur, unless a senior surgeon is 
keeping a constant watch on the ever-chang- 
ing plan of the forward work in all its broad 
implications. 

Much has been written of the surgery of 
abdominal wounds. My own views have been 
put forward repeatedly. The following points 
I consider decisive. 

1. Team work. While the technique of 
operation has changed little since the last 
war, except in respect of the treatment of 
injuries of the large intestine, there has been 
a great improvement in the preoperative and 
postoperative phases. The 3 phases, prepara- 
tion, operation, and after-care, must be timed 
and co-ordinated to the needs of each case, for 
in none is there any room for rule of thumb. 
The patient must therefore be under the care 
of a team of which the surgeon himself is in 
continuous charge. Preoperation is usually 
under the transfusion officer, postoperative 
care under a junior surgeon who assists at the 
operation, but the surgeon must decide on 
operation and choose the time, and haunt the 
postoperative ward all day and all night. 

The proportion of one Transfusion Unit to 
two Field Surgical Units has proved very 
satisfactory in practice. Transfusion officers 
are usually men with a long surgical back- 
ground and well alive to the changing clinical 
picture of an abdominal catastrophe. 

At Alamein the amount of body fluids given 
was 16 bottles of blood and 10 bottles of 
plasma to every 100 casualties. At Mareth 
45 bottles of blood and 25 bottles of plasma 
were given to every 100 casualties. 

The increase is in some measure accounted 
for by the high proportion of mine wounds in 
the later battles, but more by the realization 
that there is no such thing as a corpse till the 
funeral. As long as there is blood to pour in 


and a vascular system to pour it into, a man 
can be kept alive and reasonably fit while his 
injuries are repaired, if they are reparable. I 
have commented elsewhere on the case of a 
soldier who had 58 pints of blood and serum 
poured into him in 4 days, and who went down 
the line in good condition on the roth day. 
Lesser amounts, none the less exceeding the 
total blood volume, are not infrequently put 
in during the course of an abdominal opera- 
tion, and, provided the source of loss can be 
repaired, this lavish expenditure is well re- 
paid by a useful life saved. The No. 1 Base 
Transfusion Unit at Cairo and later at Tripoli 
never failed in its task. Men were bled 
wherever training camps or static units pro- 
vided a pool of donors: planes and refrigerator 
lorries brought up the blood to the army zones 
and the Field Transfusion Units distributed 
it. It is safe to say that no man whose life 
could have been saved by resuscitation lost it. 

In resuscitating abdominal wounds it is 
essential to remember that the bleeding point 
cannot be controlled, and that much of the 
blood given will be lost, not merely wasted, 
but hindering the subsequent operation by 
filling the abdomen and staining connective 
tissue planes. The blood should be run in 
rapidly, at the rate of a pint in 5 minutes, and 
as soon as the patient seems fit to stand an 
anesthetic, he should be hurried to the theater 
with the transfusion still running. 

2. The incision. The incision should be 
the simplest possible, for all wounds are 
infected and tend to break down afterward. 
The gridiron and rectus retracting incisions 
are disappointing in this respect, and the best 
are those straight through all layers in the 
same plane, vertical paramedian or median 
incisions for approach to the central part of 
the abdomen or the pelvis, and transverse or 
oblique lateral incisions for access to the 
lateral parts. Transverse incisions across the 
recti should be avoided if possible. The 
Consultant Surgeon in South Africa informs 
me that cases with such an incision have 
developed large and apparently irreparable 
hernias. 

3. Technique. In the abdominal surgery of 
warfare technique may be summed up as a 
simple plan, a purposeful overhaul, a rapid 
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repair. These things are matters of character 
which can be supplemented but not instilled 
by training. The forward surgeon must have 
good hands, a stout heart, and not too much 
philosophy. He is called upon for decision 
rather than discussion, for action rather than 
a knowledge of what the best writers think 
should be done. 

No surgeon should start an abdominal oper- 
ation without a reasoned estimate of the 
direction of the track and the structures 
involved. In the abdomen as elsewhere, hem- 
orrhage is the urgent problem, infection a 
secondary one. If the belly is full of blood, the 
source of bleeding must be found and stopped, 
or the transfusionist and the anesthetist will 
not have a chance. 

A sucker is essential, and a footpump with 
valves reversed is the best type, for an elec- 
trical pump is unreliable in the heat and dust 
of the desert. Blood in quantity suggests 
perforation of one of the large parietal vessels, 
a tear of the mesentery, or injury of one of the 
solid organs. Arrest of hemorrhage in the 
mesentery is difficult, for many vessels are 
torn and the tissues are swollen and stained 
with blood. Three bits of advice may be 
given: no mass ligatures, no stitches, no cat- 
gut. Mass ligatures may cut off the blood 
supply of loops of intestine that could have 
survived a more careful hemostasis; stitches 
start more hemorrhage than they stop; catgut 
is far less secure than thread and tends to slip 
off when the mesentery is pulled about in 
subsequent maneuvers. 

Bleeding from the spleen involves splenec- 
tomy. Bleeding from the liver can be arrested 
only by pressure, and the pressure of living 
tissues is more certain than that of gauze. The 
device of passing a few catgut sutures across 
the rent in the liver and tying them loosely 
over a fold of omentum pushed into the gap is 
excellent, when practicable. Alternatively the 
omentum may be laid over the raw area and 
kept in contact by a gauze pack. A gauze 
pack left in direct contact with a liver injury 
is liable to cause infection. 

Hemorrhage having been dealt with, in- 
juries to the hollow viscera are repaired. Here 
a definite plan, inspection of each part once 
and no suture till all injuries are found and 


considered together is essential. Holes in the 
small intestine cannot be felt; every part from 
the ileocecal junction to the jejunum must be 
run through the fingers and examined in 
rapid sequence, each injury marked and set 
aside. Where there is one hole there are two, 
usually a dozen. Simple suture is better than 
resection; in resection, single layer end-to-end 
anastomosis is better than side-to-side— 
quicker, fewer raw areas. 

4. Drainage. No fast rules can be laid 
down as to drainage, but there is no doubt 
that the surgeons who drained most often 
saved most lives. 

Failure to provide adequate drainage was 
the cause of many of the deaths in this series. 


Case 261. Operation after 18 hours. Splenectomy 
for torn spleen; abdomen closed without drainage. 
No sulfadiazine used. The patient developed para- 
lytic ileus and died on the 13th day from a sub- 
phrenic abscess. 

Case 253. Ten hour case. On laparotomy gross 
laceration of the right lobe of liver sutured. No 
sulfadiazine. No drain. Died on 7th day from gross 
peritonitis. The liver wound had healed. 

Case 19. Nine hour case. Suture of two perfora- 
tions of the jejunum, abdomen closed without 
drainage. No sulfadiazine. Gastric suction and 
intravenous fluids. Later developed paralytic ileus. 
Death 10 weeks after operation from suppurative 
peritonitis with subphrenic abscess, pelvic abscess, 
and abscess between stomach and spleen. 


5. The exteriorization of colon injuries. A 
step which I have repeatedly advocated since 
the outbreak of war, the exteriorization of 
colon injuries, is, perhaps the greatest single 
factor in the improved results we are able to 
record. The principle that all damaged parts 
of the large intestine must be excluded till the 
process of repair is complete applies to all 
injuries even suspected ones, and to all parts 
of the large bowel, particularly the extra- 
peritoneal portion of the rectum. The follow- 
ing 2 cases in this series are illustrative. 


Case 257. Suture of retroperitoneal tear of the 
descending colon, with drainage of the retroperito- 
neal space. Sulfonamide powder intraperitoneally. 
Later a fecal fistula developed and the patient died 
on the oth day. Autopsy showed the wound of the 
colon to be broken down over a large area; fecal 
matter lying free in the retroperitoneal tissues; mild 
general peritonitis. Comment by the surgeon: 
‘“‘Suture alone with local drainage seemed adequate; 
a proximal colostomy should have been done.” 
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Case 323. G.S.W. Buttock operated upon 44 
hours after injury. On laparotomy the terminal 
ileum and ascending colon were ‘‘very bruised but 
not perforated.” Retroperitoneal hematoma drained. 
Collapsed and died on the sth day. At autopsy a 
small recent perforation of the bruised ascending 
colon was found. Exteriorization would have saved 
this patient. 


The method of exclusion will vary with the 
site and extent of the injury. A small hole on 
a part of the colon that can be brought to the 
surface will be made the apex of a loop 
colostomy. A larger tear in a mobile part will 
require resection of the damaged portion and 
exteriorization of the two ends as a double 
barrelled colostomy. An injury to a fixed 
portion must be repaired as well as possible, 
the site of repair being liberally dusted with 
sulfonamide powder and the retroperitoneal 
tissues freely drained through a separate stab; 
a proximal colostomy must be done at the 
same time. 

All injuries of the rectum, however trivial, 
require a proximal colostomy. It is particu- 
larly important to examine carefully for these 
injuries in all cases of buttock wounds or of 
tracks involving the sacrum or coccyx. An 
undetected injury leads inevitably to pelvic 
cellulitis, a very fatal complication which a 
late colostomy can do little to cure; an unnec- 
essary colostomy on the other hand is no 
disability. Colostomy is regarded with horror 
in civil life merely because it is permanent and 
usually the prelude to death from metastasis. 
In most extraperitoneal injuries the retro- 
rectal space should be drained, either through 
the posterior wound, or in the midline after 
the coccyx is removed. The anal sphincters 
must never be divided, but a large tube should 
be stitched into the anus. 

Experience at the base has shown that the 
closure of these emergency colostomies may 
be a most difficult matter, because the opening 
is often fixed in the wide scar of an infected 
wound and there is no proper spur. Forward 
surgeons are, therefore, urged, when possible, 
to suture the limbs of the bowel together for 
2 inches, and to bring them out through a 
separate stab at the point where the mobilized 
loop can be placed with least tension. A pelvic 
colostomy is usually the best for a rectal 
wound, but if there is so much loss of sub- 


stance that the pelvic colon may be required 
later for a reconstruction operation, a trans- 
verse colostomy should be done. 

6. The local use of sulfonamides. While 
there is no doubt that drugs of this group have 
a powerful beneficial action in infections of the 
peritoneal cavity, the widely held view that 
they are more effective when applied locally 
than when given by mouth or intravenously 
is not supported by any convincing evidence. 

The only drug we have found satisfactory in 
the abdomen is sulfadiazine. Sulfanilamide is 
absorbed very rapidly; sulfapyridine and sul- 
fathiazole tend to form cakes which may be 
found some days afterward at postmortem 
lying almost unabsorbed among coils of 
intestine. Sulfadiazine’ forms an excellent 
suspension in gelatine and saline which can 
be run in through a tube at the end of opera- 
tion and diffuses in the neighborhood. Buttle 
has found that it remains active locally for 4 
to 5 days, as shown by absorption figures. 
Forward surgeons report that in postmortem 
examinations on cases in which it has been 
used there are remarkably few adhesions and 
no remaining traces of the drug. The usual 
practice has been to lay a rubber tube, Carrel 
size, close to the site of maximum soiling, and 
bring it out through the lower end of the 
incision. After closure and dressings, 10 
grams of sulfadiazine suspended in 30 cubic 
centimeters of saline is slowly injected, fol- 
lowed by 20 cubic centimeters of saline alone. 
The tube is clamped and removed some days 
later. 

After comparing notes with First Army 
surgeons, few of whom used any sulfa drugs 
locally, I should not be prepared to assert 
that our results as regards infection of the 
peritoneal cavity were convincingly better 
than theirs, but I would still urge the use of 
sulfadiazine by the method described, when 
supplies are available. At any rate an ade- 
quate concentration is assured at the seat of 
trouble in the first 48 hours, a time when the 


1Preparation of sulfadiazine suspension. A 3 per cent solution of best 
gelatine is made in normal saline and filtered. To this solution is added 
sulfadiazine powder in the proportion of 20 per cent of the powder and 
80 per cent of the gelatine solution. This mixture is then put up in 
bottles and sterilized at 20 pound pressure for 20 minutes. 

For use in collapsible tubes the proportion of the powder is increased 
to 50 per cent and the mixture is dispensed in tubes containing 10 cubic 
centimeters. The dose for one injection with this method is therefore 
5 grams. The tubes are also autoclaved at 20 pound pressure for 20 
minutes. 
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oral route is unusable and the venous one 
required for many other fluids. 

7. After-care. The abdominal casualty in 
war has suffered far more extensive trauma to 
his parietes and his viscera by the projectile 
and the operation, than the subject of the 
most gruelling peacetime operation. Youth 
and fitness are in his favor, but these advan- 
tages have been largely offset by stress and 
privations of battle. Complete rest of body 
and alimentary canal is essential, namely: bed, 
the Fowler position, continuous intravenous 
fluids, and continuous gastric suction. 

An allowance of one bed to five operation 
cases will cover the needs of abdominal pa- 
tients at an advanced operating center. At 
times of rapid movement stretchers have been 
used, and Fowler rests on the deck chair 
principle have been designed to fit them, but 
these devices do not give the complete rest 
and comfort of a bed and a bed rest. When 
death is near, every detail is important. 

Blood is usually being run into a vein 
during the operation, and the drip apparatus 
will be taken with the patient to the ward and 
hung by his bed. Blood is given till the blood 
picture is restored and thereafter according 
to needs: for the most part other fluids are 
substituted. A man who has been fighting is 
dehydrated, and one receiving sulfonamides 
must excrete freely; the standard allowance of 
fluids is therefore 8 pints in the 24 hours. 
Normal saline is given, for while gastric 
suction is in action there is no risk of chloride 
excess; 5 per cent glucose in water is usually 
added, and 48 hours after operation in cases 
that have had intraperitoneal sulfadiazine, 
sulfanilamide or sodium sulfathiazole are also 
given. One pint of plasma in the 24 hours, 
given as a tonic, appears to have an un- 
doubted beneficial effect, making up to some 
extent for the body proteins lost in the wound 
secretions and by the stomach tube. 

Gastric suction is as essential as intravenous 
feeding, for ileus is almost certain, and pre- 
vention is better and far more certain than 
cure. The new “guys” and the wise “guys” 
who think they can select their cases soon 
learn sense, and start suction in every patient 
as soon as he reaches bed. Certain details may 
be emphasized. 


Fig. 1. Simple gastric suction apparatus using an 
inverted transfusion flask. 


The apparatus must be foolproof; nursing 
orderlies are seldom fools, but they are ordi- 
nary men with ten times as much to do as they 
can manage, which is much the same thing. 
Syphon suction, using an inverted transfusion 
bottle, rarely goes wrong, and when it does 
can be put right in a minute (Fig. 1). The 
thing may be done 57 other ways, but they 
are all more complicated. 

Transfusion tubing with two lateral holes is 
better for passing into the stomach than a 
Ryle tube; it is stiffer and does not block. 

The tube should always be passed nasally; 
it can then be retained for days without 
causing nausea or discomfort. 

While the tube is in and the suction is 
working, the patient may drink when he feels 
like it. This cleans his mouth, keeps his 
salivary glands working, washes out his 
stomach, and improves his morale. 

Gastric suction and intravenous therapy 
must be continued till the danger of ileus is 
past, that is till continuous peristalsis is heard 
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Days after operation 


Fig. 2. Chart showing time lag between operation and 
death: 1st day 64 deaths, 2d day 11, 3d day 22, 4th day 3, 
5th day 6, 6th day 6, 7th day 6. 


and flatus starts. Sounds that would shock a 
duchess are the music of the spheres to the 
forward surgeon. Before abandoning suction, 
the tube should be clamped and fluids allowed 
by mouth; if there is no gastric residue after 
4 hours have elapsed, the tube may then be 
removed. 

Abdominal cases must be retained in the 
forward operating center till they are in a 
state of equilibrium. In any case they should 
stay till their pulse, temperature, and respira- 
tions are steady, till their tongue is reasonably 
clean, their abdominal wall moving well, and 
flatus is being passed, and till they themselves 
feel they have turned the corner. In most 
cases they should be kept till the stitches are 
out and the dressings are clean—an average 
period of 10 days. 


ANALYSIS OF THE SERIES 


1. Reports have been received of 381 cases 
in which patients were operated on for abdom- 
inal injuries received in battle between August 
23 and November 23, 1942, a period which 
included the German attack at Alem Halfa, 
and the Battle of Alamein. Of these 381 cases, 
162 died within 4 weeks; in 8 the final result 
was unknown, 
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2. Mortality. (a) The known mortality is 
thus: There were 373 operations whose result 
is known, with 162 deaths, or a mortality of 
43-4 per cent. 

b. The 8 patients about whom final reports 
have not been received must be regarded as 
almost certain survivors. They were evacuated 
alive from their first unit, and their deaths 
had not been reported to 2d Echelon 2 
months later. If they are included the mortal- 
ity becomes 42.5 per cent, that is 162 deaths 
in a total of 381 operations. 

c. In 57 cases no intra-abdominal injuries 
were found at operation. The majority of 
these fall into 3 groups: (1) wounds of the 
abdominal wall with herniation of abdominal 
contents, tears of the peritoneum, free blood, 
or extraperitoneal hemorrhage; (2) thoracic 
cases with rigidity or other abdominal signs— 
one, with absent liver dullness was found to 
have nondevelopment of the right liver lobe; 
(3) buttock wounds where abdominal damage 
was suspected. Eight of these patients died, 
giving a mortality of 14 per cent. If these 57 
cases are omitted, the figures are: operations 
on patients with injury to viscera, 324 with 
154 deaths, or a mortality of 47.5 per cent. 

3. When deaths occur. The majority of pa- 
tients die from the severity of their wounds, in 
spite of surgery. 

Sixty-four, or 39 per cent, of the deaths 
occurred on the first day. 

One hundred thirty-seven, or 85 per cent, 
deaths took place before the patient was 
evacuated from the forward operating center. 

The preponderance of deaths in the first few 
days is shown in Figure 2, which plots the 
numbers dying on each of the first 7 post- 
operative days. 

Two observations may be made in this 
connection: that the further forward the oper- 
ating center is placed, the smoother the 
evacuation and the better the resuscitation, 
the higher will be the mortality in spite of the 
best surgical skill and facilities; and that the 
mortality in the series in so far as it was known 
to the operating surgeons themselves, was 
137 deaths in 381 cases, or 36 per cent. 

4. Factors affecting the mortality. a. Luck. 
By luck is meant the incidence of factors 
other than surgical skill or method that 
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ABDOMINAL WOUNDS IN THE WESTERN DESERT 


Fig. 3. A Field Surgical Unit operating tent, the type in which most abdominal 
surgery was done. No. 5. F.S.U. before the battle of El] Alamein. 


affect, indeed usually determine, the result. 
Abdominal wounds do not form a group like 
gastric ulcers or goiters. The nature and size 
of the projectile, the viscus injured, the time 
lag, the surroundings, the facilities for nursing 


and retention, are all matters of dominant 
importance over which the surgeon has no 
control. A straightforward operation on a 
single perforation is doomed to failure if a 
bomb blows out the light and fills the ab- 
domen with sand. 

The incidence of luck appears abundantly 
in this series. Among the first hundred cases 
reported there were 27 deaths; among the last 
hundred, 61. In one group were 24 cases 
without a death, in another 21 without a 
recovery. 

Among the poorest figures were those from 
a young surgeon of great courage and out- 
standing ability, who was constantly sited in 
front of the main operating groups. After 7 
consecutive deaths, his first success was the 
following case: 

Case 212. Mortar wounds. (1) right arm, severing 
brachial artery and median nerve; (2) abdomino- 
thoracic, entering 8th rib L.; (3) L. lower abdominal. 

Operation: Excision of wound of arm and ligature 
of brachial artery; laparotomy, closure of rent in 
diaphragm, suture of wound of stomach near fundus. 
Repair of four tears of small intestine, ligature of 


multiple bleeding wounds in mesentery, removal of 
ower F.B. 

The patient was evacuated later to a peripheral 
nerve center in South Africa. 


Another equally good young surgeon who 
worked under conditions that, for the desert, 
were excellent, in grouped tents near the sea 
and 6 miles from the Alamein line along a 
tarmac road, returned the following series: 
total abdominal operations, 56 with 17 deaths, 
or a mortality of 30 per cent. 

His comments on the deaths are given in 
full, because they apply to the whole series. 


“While it is obvious that each case that dies is a 
separate problem as regards assessment (particu- 
larly as no P.M.s have been done on cases subse- 
quent to 23 Oct. 42), yet a somewhat broad 
classification can be made of cases into ‘reasonable’ 
chances and those whose injuries are such that 
recovery is unlikely. Several of the latter class were 
done in quieter periods, when no other casualty was 
waiting. 

“Cases not expected to recover. 
“A. With v. gross abd. damage, or profound, pro- 
longed shock. 

“Case 1. 4 hrs, ADS moribund. 3 hrs. MDS, at 
end of which time B.P. finally raised to 75. During 
induction, curious generalised convulsion. Pupils 
LR: :4:1. Considered probable cerebral embolus. 

“Case 13. Nearly % small intestine in tatters. 
Pre-op. contin. blood loss roughly estimated at one 
pint in 20 mins. 
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Fig. 4. An abdominal operation in progress. No. 6 Field Surgical Unit at work. 


“Case 39. 30 hr. case. Infection already well 
established in large wounds. ? gas gangrene. 

“Case 45. With small Entry and Exit wounds, it 
was remarkable to find tears in the stomach through 
which a fist could be put, and large pieces of liver 
loose in the peritoneum. This was the only case 
closed without any attempt at repair. 

“B. Cases in which death was presumed to be due to 
extra-abdominal injury. 

“Case 12. Wounds of legs. Amputation R. leg 
for rapidly spreading infective gangrene. P.M. 
Abd. healed and clean. L. leg shows supp. myositis, 
comparable to that found in amputated one. Cause 
of death—toxaemia. 

“Case 16. Gross injury R. buttock and _ hip. 
Contin. haem. femoral and sup. gluteal branches. 
Rapid transp. ligation R. common iliac art. At 
operation 2 small perfs. ileum found. These unsus- 
pected pre-op. 

“Case 19. Traumatic amput. R. leg- per-tro- 
chanteric. Disartic. hip. Bowel damage minimal. 
Cause of death—toxaemia. 

“Case 34. P.M. Collapse L. lung infected haemo- 
thorax. Toxaemia from chest lesion. 

“Case 44. Nil in abdomen except hole in peri- 
toneum. Rapidly devel. pneumonia at CCS and 
death from this in 48 hrs (verbal report). 

“Case 44 was one expected to recover, and is 
placed in this category only because death was 
presumed due to chest injury.” 

Had this surgeon been out for statistics he 
would have left the first 4 alone. Had he 
been lucky, the last 5 might not have come 
his way. His figures would then have been: 
total operations, 47 with 8 deaths, or a mor- 
tality of 17 per cent. 


b. Time lag. An increased time lag works 
both ways, but chiefly toward a lower opera- 
tive death rate. Delay brings peritonitis but 
it also eliminates the worst cases. A surgeon 
who receives his abdominal wounds after a 
week should have a mortality of under 10 
per cent. 

In this series the earliest time of operation 
was 1 hour after wounding, the latest 72 hours. 
The number coming to operation within 12 
hours of injury was 180, with a mortality of 
47.5 per cent. This mortality is higher than 
that for the whole series because many cases 
were those of severe injury kept alive only by 
resuscitation. 

c. Time of evacuation. Three fifths of the 
patients die in the first 3 days after operation, 
but the fate of those who survive this period 
depends very much on whether they can be 
retained till they have established alimentary 
and circulatory equilibrium. Of the cases in 
this series only 81, or 21 per cent, were 
retained for 7 days or more. The effect of early 
evacuation upon mortality is shown in the 
following figures: of 135 evacuated under a 
week (from information available), 17 died, a 
mortality of 12.6 per cent; of 63 evacuated 
after 7 days, 5 died, a mortality of 8 per cent. 

d. The organs involved. Table I shows the 
mortality of all cases with abdominal injuries 
limited to the stomach and intestines, with or 
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without mesenteric damage. The series in- 
cludes both complicated and uncomplicated 
cases. 


TABLE I.—ALL CASES, COMPLICATED AND 
UNCOMPLICATED 


Number Mortality 

ofcases Died 
Small intestines. 71 33 40.5 
68 35 51.5 
II 6 54.5 
Small intestines and colon... . 40 25 62.5 
Small intestines and stomach. . 3 60.0 
Small intestines and bladder. . 5 3 60.0 
Small intestines and rectum. . | 5 71.4 


The analysis in Table I can be compared 
with that in Table II which shows the mor- 
tality of all cases uncomplicated by severe 
extra-abdominal wounds. 


TABLE II.—UNCOMPLICATED CASES 
Number Mortality 
of cases Di 
Small intestines. ............. 53 21 39.6 
5 2 40.0 
Small intestines and colon... . . 29 17 58.6 
Small intestines and stomach... 4 2 50.0 
Small intestines and rectum. ... 7 5 71.4 
Small intestines, colon and 
2 2 100.0 


For the cases operated upon within 12 
hours and uncomplicated except for soft 
tissue injuries the mortality figures are as 
shown in Table III. 


TABLE III 

Number Mortality 

of cases Died % 
Small intestines............ 34 12 
2 ° ° 
Small intestines and colon... . 18 10 56.6 
Small intestines and stomach.. 4 2 50.0 
Small intestines and rectum. . . 6 4 66.7 
Small intestines, colon and 


5. Frequence of injury to abdominal organs. 
The figures shown in Table IV, particularly 
those for mortality, are of little importance 
since few viscera except the small intestine are 
wounded alone. The same death may thus 
appear in more than one column. 

6. Treatment in detail. (a) Preoperative 
‘ransfusion, There are records of 70 patients 
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Fig. 5. An abdominal ward, with suction apparatus 
and intravenous therapy. 


TABLE IV.—FREQUENCE OF INJURY TO AB- 
DOMINAL ORGANS 


Number Mortality 

Viscus of cases Died q 
Small intestines............. 133 71 33 
. 63 59 
Liver.... ero 43 21 49 
23 12 52 
22 II 50° 
20 II 55 
Kidney 20 13 65 
Bladder. ....... 12 6 50 
Gall bladder. . . sets 5 I 20 


who were transfused before operation. Blood, 
plasma, and serum were the fluids used. The 
patients who did best and survived the danger- 
ous 24 hour postoperative period were those 
who received generous amounts of blood fluids. 
One patient with perforation of the small 
intestine complicated by a S.W. of the right 
hip causing bleeding from the femoral artery, 
received a total of 17 pints of blood and 3 pints 
of serum before operation. The patient re- 
covered. The average amount of blood fluids 
given preoperatively to the abdominal cases 
was 8 pints per patient. 

b. Treatment of small intestinal injuries. 
The thirty-four 12-hour uncomplicated cases 
of small intestine injury (see 4 d above), 
were treated as shown in Table V. These 
figures, again, mean very little. Simple su- 
ture is the method preferred for all single 
perforations, and resection is reserved for the 
more serious cases. 


| 
ak 


236 


TABLE V.—TREATMENT OF SMALL INTESTINE 


INJURIES 
Number Mortality 
Method of cases i % 
26 9 34.6 
7 3 42.8 
Exteriorization................. I ° ° 


c. Treatment of colon injuries. The uncom- 
plicated 12-hour cases of colon injury amounted 
to 20 only. They were treated as shown in 
Table VI. It is idle to draw conclusions from 
such small numbers. The total figures for 
injuries of the colon, including multiple and 
complicated wounds, are given in Table VII. 
The figures suggest that suture alone is as 
safe as suture with colostomy: the probable 
explanation is that suture was reserved for 
small holes without soiling of the peri- 
toneum. It would be rash to claim that any of 
the colostomy patients who died could have 
been saved by suture alone, but 2 at any rate 
of the 8 deaths after suture could have been 
avoided by cecostomy or colostomy, as pre- 
viously stated. 


TABLE VI.—TREATMENT OF COLON INJURIES 


Number Mortality 
Method of cases Died % 
Suture alone............ ree 4 ° ° 
Suture and colostomy or cecos- 

10 4 40 
Resection and exteriorization... . 2 2 100 
Resection and anastomosis..... . I I 100 


TABLE VII.—TOTAL FIGURES FOR’ INJURIES 


OF COLON 
Number Mortality 

Method of cases Died % 
18 8 44 
Suture and colostomy or 

22 10 45 

Exteriorization................ 39 25 64 
Resection and exteriorization.... 22 14 64 
Resection and anastomosis... . . 2 2 100 
| 4 4 100 


d. Sulfadiazine intraperitoneally. ‘Table 
VIII summarizes the use of sulfadiazine intra- 
peritoneally. 


TABLE VIII.-—RESULTS WITH SULFADIAZINE 


INTRAPERITONEALLY 
Number of cases treated with sulfadiazine. .... 141 
Percentage of mortality.................. ae 42.9 
Number of cases treated without sulfadiazine. . 227 
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The remaining 5 in the series of 373 traced 
cases had intraperitoneal sulfathiazole; of 
these 2 died. 

By taking the mortality of cases with and 
without sulfadiazine in a smaller series in 
which the time interval between wounding 
and operation is known, the figures shown in 
Table [X are obtained. 


TABLE IX 
1-12 hrs. 12-24 hrs. 24-48 hrs. Over 48 
Time of operation % % % hrs. % 
With sulfadiazine ..... 48.1 40 55-9 50° 
Without sulfadiazine... 48.4 51.2 44 75 


There is thus some evidence that the use of 
sulfadiazine in late cases effects a reduction in 
the mortality. 

The following 2 reports reveal the condi- 
tions of the peritoneal cavity on the 3d and 
11th days, respectively, after operation and 
treatment with local sulfadiazine: 

Case 241. Eight hour case with 5 perforations 
of the jejunum and complete division of the duo- 
denojejunal junction. Suture and end-to-end anas- 
tomosis was performed. Sulfadiazine 10 gm. re- 
peated in 12 hours. The patient died on the 3d 
day from acute pulmonary edema having had 14,000 
c.c. of intravenous fluids during 48 hours. At 
autopsy the peritoneum was “‘perfectly clean’’ and 
the tissues were waterlogged with fluid. 

This unfortunate outcome is a warning 
against the uncontrolled and unbalanced 
administration of intravenous fluids. 

Case 337. Operation after 1o hours for severe 
damage to the small intestine which required resec- 
tion and end-to-end anastomosis. Pelvic drain and 
10 gm. of intraperitoneal sulfadiazine. The peri- 
toneum was “heavily contaminated with bowel 
contents.’”’ Eleven days after operation a colostomy 
was performed. There was “extensive plastic 
peritonitis” but no sign of pus. 


ADDITIONAL CASES 


Since the reports up to November 23, 1942 
were received, records of 247 more cases have 
been returned by 19 different surgeons. These 
records are complete in all details in so far as 
these were known to the operating surgeon, 
but the final result has not in every case been 
checked. Of a total of 247 cases in the second 
series there were 84 deaths or a percentage 
mortality of 34.0. 

The time lag from operation to death for 
the 84 deaths is shown in Table X. 
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TABLE X.—TIME LAG BETWEEN OPERATION 
AND DEATH 


Number Per cent 


Died on table. . 
ist day......; 
ad day... 
3d day.... 
4th day. . 
sth day. . 
oth day. . 
7th day. . 

Sth day... 
oth day. . 
roth day.... 

Over 10 days. 

Not known. . 


The time lag for the 247 cases in the 
second series is shown in Table XI. 


TABLE XI-——TIME LAG FOR 247 CASES IN 

SECOND SERIES 
Total % Mortality “% 
Within 6 hours E 24 
Between 6 and 12 hours 33 
Between 12 and 18 hours... . . 18 
Between 18 and 24 hours..... 9 
Over 24 hours 5 10 
Not known 


(Note: above percentages are based on known results) 
Longest: 168 hours Shortest: 2 hours Average: 15 hours. 


The frequence of injuries to the various 
viscera is listed in Table XII. 


TABLE XII.—FREQUENCE OF INJURIES 


% of all 


Total cases Deaths 


No internal abdominal injury. . . 10 
Small intestine : 
Small intestine and colon. . 
Small intestine and bladder 
Small intestine and rectum. . . 
Small intestine and liver. 


NF 


NY 


Colon and kidney. . 
Colon and liver 
Colon and bladder 
Stomach 

Stomach and spleen 
Stomach and colon... . 
Stomach and liver. . 
Liver and spleen. 
Liver and kidney. 
Kidney. 
Spleen........ 


~ 


N 


More than two organs involved.. 
Not known, died on table 


8 


247 1 


Sulfadiazine. The number of patients 
treated with sulfadiazine was 98 with a mor- 
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tality of 26.5 per cent; the number of 
patients treated without sulfadiazine was 
149, with a mortality of 39 per cent: 

Combining the figures for the 2 series, we 
have a total number of cases of 628 with total 
deaths of 246 or a percentage mortality of 
39.2. 


COMPARISON WITH THE FIGURES OF 
THE LAST WAR 


‘IIwets Tor TaTépwv Gpeivoves oped’ 
(Homer’s /liad, Book IV, verse 405.)! 
In absence of works of reference it has only 
been possible to trace the figures quoted from 
Cuthbert Wallace “War Surgery of the 
Abdomen” given in Hamilton Bailey’s Surgery 
of Modern Warfare. Table XIII giving the 
mortality of wounds of the small intestine 
alone or in combination, is from this work. 


TABLE XIII.—WOUND OF SMALL INTESTINE 
(From Hamilton Bailey, Surgery of Modern Warfare) 


Total Mortalit 
Site of wound Last War Middle East Last War Middle East 


Small intestine 255 71 65.9 46.5 
Small intestine and 
stomach 14 5 92 60 


85 62. 


4 7. 
Small intestine, 
stomach and rec- 


2 100 100 


Small intestine and 
bladd 5 


In comparing this series with any in the 
last war, it must be pointed out that the 
conditions of operating in the Western Desert 
were at most times far worse than in a C.C.S. 
in France, and that many more severe cases 
were tackled than ever reached the operating 
theater in 1918. Then many men died at 
Field Ambulances, and of those reaching a 
C.C.S. 20 per cent were regarded as moribund 
and unfit for operation. Even in the com- 
paratively mild group of injuries limited to 
the alimentary canal, it is noteworthy that in 
the Middle East series 45.4 per cent of the 
wounds involved structures other than the 
small intestine: in the last war series only 
32.8 per cent. Men like John Fraser, Gordon 

1 We verily claim to be far better than our fathers. oantapet by 


Professor E.L. Highbarger Northwestern University, College of Liberal 
Arts, Department of Classical Languages.) 


92.7 60 


4 
3 
Small intestine and & 
# 
23.8 tum 5 ae 
37.0 4 
63.3 . 
25.0 
° 
Colon 15 40.5 
I 50.0 
4 — oOo 
2 100.0 
— 
I 100.0 
9 33-3 
100.0 
° 
14.3 
22.2 
Rectum. . 16.0 
Rectum and Bladder... ........ 100.0 
Bladder. . . 20.0 
71.3 
| 100.0 
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Taylor, Charles and Lockwood lacked nothing 
in courage, but they lacked the transfusion 
service of Middle East that has always sup- 
plied the fighting forces with blood in abun- 
dance and with the apparatus and skill to 
administer it. Every man that could be 
resuscitated was resuscitated, and every man 
that could be brought to the table alive was 
tackled, unless there was another with a 
better chance in urgent need of surgery at the 
same time. Among these were many hopeless 
cases, such as the one who is stated to have 
been losing blood at the rate of a pint in 20 
minutes. It is probably true to say that two 
thirds of the men who died in the first 24 
hours (i.e. 42) would have been excluded from 
1918 statistics. 

A further point of difference is that 98 per 
cent of these patients were traced to the base, 
whereas in the figures of the last war most of 
the statistics deal with survivals in the for- 
ward units only. On such a reckoning 25 of the 
deaths in this series would have been recorded 
as survivals. 
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If then these deaths are subtracted from the 
total we get the following for comparison with 
the results of the last war: 


Total cases 373-42... .. 
Total mortality 162-67. 
Percentage mortality. . . 


CONCLUSION 


In conclusion, I would repeat that this is 
the work of the surgeons of Eighth Army. 
Among them were Australians, New Zea- 
landers, Canadians, Americans, Frenchmen, 
Greeks, and Slavs. But the majority were 
from the United Kingdom, the surgeons of the 
C.C.Ss. and Field Surgical Units of the Middle 
East Forces. Of them I have written in a 


report to the War Office :— 


‘They are a wonderful group. They have shown 
the way to the organization of forward surgery, and 
by their presence and through their efforts the 
wounded soldier of the Eighth Army has been better 
looked after than any other fighting man in the 
history of war.” 
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EXPOSURE OF THE RECURRENT LARYNGEAL NERVES 
IN THYROID OPERATIONS 


Further Experiences 


FRANK H. LAHEY, M.D., F.A.C.S., Boston, Massachuse ts 


HE recurrent laryngeal nerves are 

extremely important and valuable 

because of their intimate anatomic 

relationship to the thyroid gland. No 
operation upon the thyroid gland, no matter 
how trivial, can be done without endangering 
their conductivity. 

In 1938, I advocated routine exposure of 
the recurrent laryngeal nerves during thyroid 
operations as an anatomic approach to their 
preservation and reported a series of over 
3,000 thyroid operations in which this had 
been done.' By this method, the incidence 
of nerve injury has been greatly lessened, now 
being less than 0.3 of 1 per cent, and this fig- 
ure includes operations performed for cancer 
of the thyroid. 

Since the original series of cases was re- 
ported, the nerves have been exposed in prac- 
tically every thyroid patient operated upon 
by a member of the Lahey Clinic staff. Every 
general surgeon quickly learned the proce- 
dure, and even in the patients who have had 
3, 4, and occasionally 5 subtotal thyroidec- 
tomies before coming to us for further thyroid 
removal, the nerves have been demonstrated 
if the cords were functioning normally. Even 
in deep intrathoracic goiters extending nearly 
to the diaphragm and in most of the carci- 
nomas of the thyroid, particularly if remov- 
able, the nerves have been demonstrated. 
Even if the nerves have been cut previously, 
demonstration of the proximal segment of the 
cut nerve is usually possible. 

Whenever a surgeon makes the statement 
that exposure of the recurrent laryngeal nerves 
in thyroid surgery is unnecessary, I believe 
that he —_ be able also to state his inci- 
dence oPferve ipjury after thyroid operations, 
his incidence of tetany, and his incidence of 
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persisting hyperthyroidism. These three com- 
plications are influenced directly by exposure 
or nonexposure of the recurrent laryngeal 
nerves; demonstration of the nerves adds little 
to the operation and causes no cord dys- 
function. 

It would be as sensible in performing total 
hysterectomy to try to avoid injury to the 
ureters by staying away from their usual loca- 
tion as it would be to try to avoid injury to 
the recurrent laryngeal nerves by keeping clear 
of their usual, but sometimes abnormal, loca- 
tion. This sound surgical principle prompted 
me when performing thyroid operations to ex- 
pose the recurrent nerves in order to ascer- 
tain their position and thus to preserve them. 
The avoidance of operative injury to the 
recurrent laryngeal nerves by leaving them 
covered with an apparently safe amount of 
thyroid tissue would seem to be a tradition 
from the Kocher era of thyroid surgery of a 
number of years ago. No disrespect is in- 
tended to the father of goiter surgery, towhom 
we owe so much; as a result of this worshipful 
attitude, however, the recurrent laryngeal 
nerves have come to be regarded as almost 
untouchable. The impression has been that 
exposure and handling of the recurrent nerves 
would result in temporary, if not permanent, 
voice changes and cord damage. 

After at least 10,000 recurrent laryngeal 
nerve dissections at the clinic, the statement 
can be made with added certainty that, con- 
trary to the prevalent opinion, the recurrent 
laryngeal nerve withstands dissection, hand- 
ling, benign tumor pressure, and even at 
times inclusion in a malignant growth without 
alteration in its ability to conduct the im- 
pulses that produce the necessary position 
changes in the cords for speech and breathing. 

The recurrent laryngeal nerve is partic- 
ularly interesting and unusual; it is composed 
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Fig. 1. a, Normal glottic space. b, Bilateral abductor paralysis soon after injury 


to the muscles. The patient can breathe but cannot talk. c, Bilateral abductor 
paralysis after the cords have come together. The patient can talk but cannot breathe 


on exertion. 


of two sets of fibers carrying impulses which 
produce opposing muscle actions, adduction 
and abduction, and, in addition, carrying 
co-ordinated impulses concerned with speech 
and breathing. The nerve is so closely related 
to respiration that any interference with its 
function eventually interferes materially with 
breathing. Lest this statement suggest that 
many nerve injuries have occurred at the 
Lahey Clinic, I wish to add that in 22,700 
thyroid operations there has been no perma- 
nent bilateral injury to the recurrent nerves. 

Those inexperienced with injuries to the 
recurrent laryngeal nerves, dread most the 
effect of the injury upon the voice. What 
could be worse than to be responsible for com- 
plete and permanent loss of voice! Those who 
have dealt with many injuries to the recurrent 
laryngeal nerves (as we have from having 
them referred to us), fear the loss of voice less 
than the ultimate interference with breath- 
ing, which is due to inability to abduct the 
vocal cords and to the essential narrowing of 
the glottic space as atrophy fibrosis and fixa- 
tion of the arytenoid muscles gradually 
shorten the immobile cords and bring them 
closer and closer together in the midline 


(Fig. 1, c). 
UNILATERAL INJURY 


Injury to one recurrent laryngeal nerve 
rarely causes much interference with breath- 
ing since the innervated remaining cord usu- 
ally can be abducted sufficiently to provide 
an adequate glottic space as an airway. Rea- 
sonably adequate glottic space is present for 
breathing, provided the breathing is not too 
vigorous and the demand for oxygen is not 
greatly increased. When the breathing effort 


is exaggerated, as in emotional or physical 
activity, an audible stridor frequently is heard. 


yThis stridor is the result of an unusual amount 


of air being sucked rapidly through an aper- 
ture incapable of adequate compensatory 
enlargement and with a paralyzed cord fixed 
in the center of the airway. 

While marked temporary change in voice 
often results, this usually is largely overcome 
by compensation, the remaining cord overap- 
proximating itself to the paralyzed cord as it 
is contracted by fibrosis and is fixed in the 
midline. While this compensation eventually 
produces a satisfactory voice, the unilateral 
nerve injury and eventual cord fixation result 
in permanent voice or breathing deficiency. 
With one cord paralyzed, the voice usually 
lacks its previous range and is incapable of the 
tones necessary in vigorous effort such as 
shouting or even moderately loud singing. 

Unilateral recurrent nerve injury frequently 
has so little immediate postoperative effect 
that it fails to attract the attention of the pa- 
tient or the surgeon. Even long after the in- 
jury when the single paralyzed cord has con- 
tracted and become fixed in its permanent 
median position, the only inconvenience may 
be cracking of the voice on forceful use. In 
other cases, as the paralyzed cord becomes 
fibrosed and fixed, there may be considerable 
stridor on effort and at times difficulty in ob- 
taining sufficient air because of the lessened 
caliber of the airway. 


BILATERAL INJURY 


Injury to both recurrent laryngeal nerves, 
resulting in loss of innervation ot both vocal 
cords with the inability to abduct or adduct the 
cords, is a real surgical calamity, not so much 
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because of its effect upon speech but because 
of its ultimate effect upon breathing and even- 
tually its limitation of physicai effort. Many 
misunderstandings and misconceptions about 
bilateral recurrent laryngeal nerve paralysis 
exist. Even though the principles involved 
and the symptoms present have long been 
well known, if the surgeon or laryngologist 
does not deal with these conditions in numbers 
he frequently fails to understand the course 
of events following injury of both laryngeal 
nerves (Fig. 1, a, b, and c). 

When both nerves are injured, the cords 
are lax and cannot be tensed, adducted, or 
abducted. At first this rarely results in any 
great difficulty in breathing, but the loss of 
voice is alarming to both the patient and the 
surgeon. Usually within 3, 4, or 5 months, 
however, the voice begins to return. As the 
result of atrophy fibrosis, the laxity of the 
cords has been taken up so that a voice is 
produced. Within a few weeks the voice be- 
comes even more improved as the cords by 
fibrosis and fixation progressively approach 
each other (Fig. 1, c). 

At about this time the patient begins to 
have difficulty in breathing, particularly on 
any unusual effort. The reason for this is that 
the fibrotic contraction causes the cords fur- 
ther to approach the midline, and the glottic 
space is narrowed until it eventually becomes, 
when viewed through the laryngoscope, a 
mere slit (Fig. 1, c). On any unusual effort 
the characteristic crowing sound will result as 
the large amount of air vibrates the cords 
while passing through this narrow glottic 
space. The air intake under effort is so small 
that immediate limitation of effort is neces- 
sary to avoid the alarming and disturbing 
effect of inadequate oxygenation. If the pa- 
tient hurries upstairs the sense of suffocation 
may be so pronounced that he must walk very 
slowly or even sit down. 

I frequently have compared the patient 
with bilateral abductor paralysis with a wind- 
broken horse or what is known by horsemen 
as aroarer. The history of a well known race 
horse, a winner of the Kentucky derby but a 
few years ago, illustrates this phenomenon. 
As this horse participated in races, reports 
were made by observers on the back stretch 


and on the turns of race tracks that his breath- 
ing was becoming more and more audible. 
Soon he was retired as a roarer. A roarer or 
windbroken horse has toxic paralysis of th 
recurrent laryngeal nerves, just as a human 
being with Bell’s palsy has a toxic paralysis 
of the facial nerve. The difference is that 
muscle function and nerve conduction in the 
horse with toxic bilateral paralysis do not 
return as they usually do in human beings 
with Bell’s palsy. 

Probable recurrent laryngeal paralysis can 
be demonstrated without inspection of the 
cords by asking the patient to count to the 
highest possible number without taking a 
breath. Upon reaching this number he imme- 
diately will take a large breath because of 
oxygen want, and very audible inspiratory 
stridor will result from the effort to obtain a 
large amount of air through an inadequate 
glottic space. 

While this demonstration of recurrent laryn- 
geal nerve injury is of clinical interest, injury 
can be determined positively by a direct 
laryngoscopic examination. With operative 
exposure of the nerve this inspection is unnec- 
essary since the surgeon can guard against 
injury. If the nerves are not exposed and 
protected, the cords certainly should be 
examined postoperatively by direct laryn- 
goscopy. If paralysis exists, the nerves should 
be exposed surgically. If severed, they should 
be resutured, and if included in a tie, the tie 
should be freed and the nerves restored to 
their position. Never again will there be an 
opportunity comparable with that at the time 
of operation to do a satisfactory suture of the 
nerves and possibly to restore function. 


ANATOMIC VARIATIONS 


The major anatomic variations observed at 
the Lahey Clinic are related chiefly to whether 
the recurrent laryngeal nerve descends into 
the thorax (Figs. 2 and 3). 

Since the anatomic position of the nona- 
nomalously located recurrent laryngeal nerve 
is related so consistently to the inferior thyroid 
artery, demonstration of the nerve necessi- 
tates demonstrating a considerable portion of 
the inferior thyroid artery from its point of 
emergence from behind the common carotid 
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Fig. 2. a, Nerve passing over the inferior thyroid artery. b, Nerve passing under the 
inferior thyroid artery. c, Method of dividing the inferior thyroid artery to follow 
nerve up to its point of entrance into the larynx. d, Position of nerve when it is 


artery to its division to enter the body of the 
thyroid gland. 

If the nerve passes over the artery (Fig. 2,a) 
it will be demonstrated as the trunk of the 
artery is dissected. If the thyroid gland is 
elevated out of its bed, the nerve will also be 
lifted as the inferior artery is lifted upward 
too, and will be in much greater danger of 
surgical injury than is the nerve which passes 
behind the artery. 

If the nerve is in its most common position 
beneath the inferior thyroid artery (Fig. 2, b), 
a search beneath the inferior thyroid artery 
and between it and the trachea will be neces- 
sary. Even though the thyroid gland is lifted 
out of its bed, it still remains unmoved in a 
relatively safe position behind the artery. If 
the nerve does not appear immediately when 
this area beneath the artery is separated 
gently with blunt scissors, it usually can be 
palpated readily when the finger is inserted in 
the region beneath the inferior thyroid artery 
and the tissues pushed against the rigid 
tracheal wall. 

Contrary to the usual impression, the re- 
current laryngeal nerve is of considerable 
thickness and is frequently enough on stretch 
so that it can be palpated as a cord passing 
obliquely from without inward and upward 
to its position beneath the inferior thyroid 
artery. Because of its occasional laxity, it 
sometimes can be pushed against the trachea 
and palpated as a cordlike structure. With 
good light and exposure, a dry field, and re- 


pushed against the trachea by an intrathoracic goiter or by an adenoma. 


traction of the common carotid artery well 
outward, the longitudinal fibers of the recur- 
rent laryngeal nerve can be demonstrated 
quickly and easily. Even when scarring 
by previous operation exists, the nerve can be 
demonstrated satisfactorily. However, if the 
nerve cannot be followed upward with com- 
plete satisfaction as to its position, the in- 
ferior thyroid artery can be divided (Fig. 2,c), 
the cut ends tied, the inner section lifted up- 
ward, and the course of the nerve demon- 
strated to the point where it penetrates the 
larynx to become intralaryngeal in position. 

In exophthalmic goiter the nerve usually 
passes from a fairly external position as it 
emerges from the thorax obliquely upward 
and inward from beneath the common carotid 
artery under or over the inferior thyroid 
artery to the point where it enters the larynx. 
When, however, there is an intrathoracic 
goiter or an adenoma of the thyroid, partic- 
ularly arising from the body or lower pole of 
the thyroid and imbedded in a position beside 
the larynx, the nerve is pushed and flattened 
against the trachea (Fig. 2, d). This is par- 
ticularly true in deep intrathoracic goiter. 
As soon as the adenoma is lifted up or the 
intrathoracic goiter is delivered, the recurrent 
laryngeal nerve is plainly visible as a white 
cord adherent to and running straight up the 
side of the trachea. 

Having in mind the anomalous recurrent 
laryngeal nerves which every surgeon operat- 
ing on many thyroid glands has encountered, 
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Fig. 3. a, Anomalous nerve passing straight from the vagus nerve into the larynx. 
b, Anomalous nerve passing down under the inferior thyroid artery and then up 
into the larynx. c, Extralaryngeal division of the nerve into abductor and adductor 
fibers. d, Same as c with lower separation. 


it is important first to demonstrate that the 
nerve is in its normal position. If it is not 
found in its normal position, a search should 
be made at the upper pole of the thyroid gland 
to rule out the nondescending anomalous type 
of recurrent laryngeal nerve. Unless one is 
aware of the occasional existence of such an 
anomalous nerve passing directly from the 
vagus nerve to the larynx, it could be injured 
when the superior thyroid artery is tied (Fig. 
3, a). Similar nondescending recurrent laryn- 
geal nerves are seen occasionally (Fig. 3, b), in 
which the nerve descends to the level of the 
inferior thyroid artery. 

In addition to these nondescending ana- 
tomic variations of the recurrent laryngeal 
nerve, occasional variations are found in the 
nature of extralaryngeal division of the nerve 
into its adductor and abductor fibers (Fig. 3, c 
and d). Most recurrent laryngeal nerves 
enter the larynx undivided. A few, however, 
divide just before entering the larynx and 
possess two distinct sets of fibers (Fig. 3, c). 
Still less frequently this division occurs at a 
lower level, at or below the point where the 
recurrent laryngeal nerve crosses under or 
over the inferior thyroid artery (Fig. 3, d). 
It is extremely important for all surgeons to 
be aware of the occasional existence of this 
extralaryngeal division lest injury to the in- 
dividual set of fibers of either group results 
in specific paralysis of the adductor or ab- 
ductor muscle without influencing the oppos- 
ing muscle. 


DEMONSTRATION OF NERVES 


The three most essential principles of satis- 
factory demonstration of the recurrent laryn- 
geal nerves are adequate exposure, a dry field 
and a good light. 

Adequate exposure involves cutting across 
the prethyroid muscle, and in practically all 
our cases the prethyroid muscles are severed 
high. There is no resulting atrophy or inter- 
ference with function, and certainly there is 
better exposure. The thyroid gland must be 
lifted out of its bed with double hooks (Fig. 4). 
Dissection of the internal jugular artery from 
the thyroid gland must be carried out, as well 
as of the area filled with areolar tissue be- 
tween the trachea and esophagus. The com- 
mon carotid artery must be freed so that the 
inferior thyroid artery can be cleared at its 


Parathyroid 
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Fig. 4. The thyroid gland has been turned up for partial 
thyroidectomy (right lateral viewjof gland). The relation- 
ship of the recurrent laryngeal nerve to the inferior thyroid 
artery and inferior parathyroid gland is shown. 
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point of emergence from behind the common 
carotid artery and so that it can be dis- 
sected throughout its complete course up to 
the gland. 

All small bleeding veins must be snapped 
and ligated in order to maintain the dryness 
of the field. Otherwise the areolar tissue be- 
tween the carotid artery under and back of 
the gland will be filled with hematomas, 
stained with blood and anatomic color rela- 
tions will be so disturbed that the dissection 
will be much more difficult. 


PREVENTION PREFERABLE TO RESTORATION 


Four patients in whom both recurrent laryn- 
geal nerves had been cut have been referred 
to the Lahey Clinic, but unfortunately in each 
case several months had elapsed since the sub- 
total thyroidectomy at which the nerves were 
cut. Finding and suturing the nerves was not 
extremely difficult; however, the arytenoid 
muscles were fixed and the cords and aryte- 
noid muscles were so fibrosed that even if 
conductivity of the nerves had been restored, 
abduction and adduction would not have 
occurred. To appreciate the effect on the 
vocal cord of cutting the recurrent laryngeal 
nerve, one has only to compare the full ap- 
pearance of the functioning cord with the 
pale, thin, sharp edged appearance of the 
paralyzed and atrophied cord. I am convinced 
that the best management of recurrent laryn- 
geal nerve injuries is of a preventive char- 
acter. 

The features which militate against good 
results in the repair of cut recurrent laryngeal 
nerves are that when one makes an early 
search for the cut nerves when the chances for 


restoration of function are the best, before the 
cords are atrophied and the arytenoid muscles 
are fixed, the field is still filled with edema and 
becomes bloodshot and oozes upon the slight- 
est manipulation. 

If I personally had a patient who after 
operation showed immobile vocal cords, I 
would wait a week to 10 days to see whether 
cord motion would return. If not and if the 
patient’s condition warranted it, I would, in 
spite of unfavorable wound conditions, reopen 
the neck and endeavor to find and suture the 
cut or injured recurrent nerves. 


SUMMARY AND CONCLUSIONS 


The following points are discussed: (1) The 
relationship of the recurrent laryngeal nerves 
to speech and breathing; (2) the course of 
events with regard to speech and breathing 
difficulties after injury to recurrent laryngeal 
nerves; (3) the anatomic variations in recur- 
rent laryngeal nerves; (4) the methods of 
demonstrating and preserving the recurrent 
laryngeal nerves; and (5) the reasons why 
secondary suture of cut or injured recurrent 
laryngeal nerves is unsatisfactory. 

In conclusion, I would state that without 
preservation of the recurrent laryngeal nerves 
by actual exposure in thyroid operations, one 
can only hope that they have been saved. 
Postoperative suture of injured or cut recur- 
rent laryngeal nerves, even a few months 
after the thyroidectomy, is unsatisfactory. 
If this could be done within 2 to 3 weeks of the 
time of the injury, the results might be more 
satisfactory. The best approach to the prob- 
lem of severed or injured recurrent laryngeal 
nerves is prevention and not restoration. 
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THE DETERMINATION AND TREATMENT OF PRESSURE 
CAVITIES IN PULMONARY TUBERCULOSIS 


ARTHUR M. VINEBERG, Major, R.C.A.M.C., and WALTER E. KUNSTLER, M.D., 
Montreal, Canada 


HE essential danger of tuberculous cav- 

ities in pulmonary tuberculosis has long 

been recognized. Modern collapse ther- 

apy, which has artificial pneumothorax 
as its starting point, attempts to place the dis- 
eased lung at rest and aims at closure of pul- 
monary cavities. The importance of cavity 
closure as a prerequisite to successful treatment 
of pulmonary tuberculosis is accepted by the 
majority of phthisologists. Unfortunately, how- 
ever, tuberculous pulmonary cavities are not 
easily closed and artificial pneumothorax, which 
at first was hailed as a solution to the problem, 
in spite of many brilliant results, failed to close 
a large number of cavities and led to attempted 
closure of these cavities by extrapleural and 
intrapleural pneumonolysis. In quick succession 
various other methods of surgical collapse 
were developed, each one being designed to pro- 
mote cavity closure when pneumothorax had 
failed; thus, thoracoplasty, phrenic nerve inter- 
ruption, Semb apicolysis, extrapleural plombage, 
extrapleural pneumothorax, and other proce- 
dures have been employed with gratifying results. 
Excellent as have been the results of thoraco- 
plasty, there is still a large group of cases in which 
the cavities have not closed; such cavities (resi- 
dual cavities), although reduced in size, have re- 
mained open in spite of the most extensive surgi- 
cal collapse. The residual cavity and the original 
giant cavity, too large for collapse therapy, pre- 
sented unusual difficulty in treatment and served 
as a stimulus for investigation of cavity formation 
and closure. 

The authors have, for some years, been occu- 
pied with this problem and were convinced that 
there must be a way of predetermining which 
cavities could be closed by thoracoplasty and 
which would remain open as residual cavities. 
The statements of Coryllos that certain cavities 
(“tension cavities”) were inflated by increased 
intracavitary pressure due to a bronchial check 
valve influenced us to needle a residual cavity 

From the Department of Surgery, Grace Dart Home Hospital, 
Montreal; Fraser B. Gurd, F. R. C. S.(C.), F.A.C.S., director of 
surgery. 


This contribution was awarded the Casgrain-Charbonneau 
Prize 1942 by the Faculty of Medicine, McGill University. 


during a revision thoracoplasty operation. Much 
to the surprise of all, the intracavitary pressures 
were very high. It was quite evident from the 
manometric fluctuations that the bronchus en- 
tering this residual cavity was partially blocked. 
It immediately occurred to us that perhaps this 
residual cavity had been a “tension cavity” 
which had been displaced to the hilar region by 
many stages of thoracoplasty. Thus, if the con- 
tention of Coryllos that cavity closure depended 
upon the patency of the cavity draining bronchus 
were true, then a study of intracavitary pressures 
before an attempt at thoracoplasty collapse 
should yield information concerning the state 
of the cavitary draining bronchus. The needling 
of tuberculous cavities had been done before and 
was not unattended by serious complications. We 
therefore set about developing a safe technique 
for the needling of large apical cavities, for which 
we found it necessary to design a new set of in- 
struments. Convinced as we were that many 
residual cavities were “tension cavities” prior to 
thoracoplasty, we were unable to accept the prin- 
ciple of extensive extrapleural collapse applied to 
cavities in which the cause of their maintenance 


was probably within the draining bronchus. Di- 
rect drainage of such cavities to relieve the ten- 
sion seemed a logical method of obtaining their 
collapse. A perusal of the literature disclosed con- 
flicting reports as to the efficiency of cavity drain- 
age in large cavities. Most workers applied intra- 
cavitary suction drainage to any large cavity 


without differentiation. All reports indicated 
that this procedure also was not without fatal 
mishaps. To avoid fatal complications we have 
worked out a new technique of transthoracic in- 
tracavitary drainage which requires the use of 
special instruments in addition to those devised 
for cavity needling. The instruments which are 
used have been designed by the authors and 
they have up to the present time proved to be 
most satisfactory. 

We believe that there is a rational and logical 
basis for the treatment of tuberculous cavities in 
which all methods, having a sound physiological 
and anatomical background, may be of use and 
in which no one theory or procedure can be uni- 
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NEGATIVE INTRACAVITARY 
PRESSURE BY ABSORPTION OF AIR 


< 


CAVITY OBLITERATION OF 
ATMOSPHERIC PRESSURE |» | DRAINING BRONCHUS 


IN BRONCHUS 


NEGATIVE 
N 
t t 
INTRACAVITARY- INTRAPLEURAL 
PRESSURE 


Positive 


Fig. 1 Cavity with completely obstructed bronchus. 
Intracavitary pressures fluctuate with inspiration and 
expiration and synchronize with variations of intrapleural 
pressures. Note: The cavity does not change in size ex- 
cept slowly by air absorption. 


versally applied. The objective should be, not 
only to arrest active disease with closure of cavi- 
ties, but to do so with the least possible damage to 
healthy lung parenchyma. Too often large cavi- 
ties are closed by multiple stage thoracoplasties, 
the disease is arrested and the patient becomes a 
respiratory cripple, useless to himself and to his 
community. It is thus apparent that a more 
efficient and less destructive method of collapsing 
cavities is desirable. Such a method seems to be 
on hand in the form of transthoracic cavity drain- 
age. By the use of this method tuberculous pul- 
monary Cavities can be reduced in size and in cer- 
tain cases completely closed. ‘The process of cav- 
ity closure takes place in such a manner as to 
collapse only the diseased areas and preserves the 
surrounding healthy lung parenchyma. As a 
matter of fact there are some workers who make 
the claim that cavity closure by transthoracic 
cavity drainage actually results in an increased 
vital capacity. 


HISTORY OF TRANSTHORACIC CAVITY DRAINAGE 


Over a period of many centuries there have 
been isolated records of direct cavity drainage car- 
ried out with or without packing of the cavity. In 
fact, transpleural opening of pulmonary cavities 
dates back to the time of Hippocrates. Baglivi 
1696, was of the opinion that opening of cavities 
leads to cicatrization; a similar opinion was held 
by Barry (4, 5), 1763. The surgeons of this period 
were apparently well aware of the danger of trans- 
pleural opening of pulmonary cavities in the pres- 
ence of a free pleural space. Sharpe, 1769, drew 
attention to the importance of pleural symphysis 
in transthoracic opening of cavities. It was felt at 
that time that the good influence resulting from 
transthoracic opening of pulmonary tuberculous 
cavities was due to better drainage and stopping 
of hemorrhage and that possibly there was a kind 
of “disinfection.” Nearly three quarters of a cen- 
tury later, in 1845, Hastings and Stokes attempted 
to cure a large apical cavity without suction, by 
introducing a rubber catheter through the chest 
wall directly into the cavity. The catheter was 
left im situ for 1 month with marked improve- 
ment in the patient’s clinical condition. In 188s, 
De Cerenville expressed the belief that cavity 
drainage had a promising future and similar re- 
ports are to be found in the writings of Sauer- 
bruch, Gerkler, Nissen, Sonnenberg, Tuffier, and 


Runenberg. Attempts were made to treat large. 


tuberculous pulmonary cavities in a manner simi- 
lar to abscesses elsewhere in the body. The mor- 
tality was high, as was the morbidity, and there 
resulted, in most cases, a bronchocutaneous fis- 
tula. In many instances, however, the cavity be- 
came sterile for tubercle bacilli and shrunk down 
to a small fistulous tract. Such was the experi- 
ence of Lovelace, 1924, and Rankin and Weigel, 
1924. Lovelace opened into three large cavities 
by resection of a portion of the chest and cavity 
wall, his object being to sterilize the cavity wall 
with methylene blue and gentian violet. The cav- 
ities quickly became sterile for tubercle bacilli, a 
phenomenon which the authors attributed to the 
action of the dye. The “progressive shrinking in 
size of the cavity until now it is little more than a 
sinus leading into the chest wall and through the 
lung”’ was unexplained and unexpected. In spite 
of improved surgical technique and augmented 
knowledge gleaned from drainage of nonspecific 
lung abscesses, the results of direct cavity drain- 
age in pulmonary tuberculosis continued to be 
poor. Direct cavity drainage as a method of 
treating tuberculous pulmonary cavities remained 
in the background and was somewhat in disrepute. 
Revival of interest in this type of treatment de- 
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veloped as a result of new ideas concerning the 
method of cavity formation and cavity closure. 

It would seem that the modern concept of cav- 
ity mechanics had its birth in 1922 when Hall first 
drew attention to the condition of the bronchus 
draining a cavity. He described a “semi-de- 
tached” piece of lung blocking the bronchus, 
permitting air to enter but for the time being not 
allowing any to “escape”; the arrangement, he 
felt, was the cause of ballooning out of the cavity. 
Mechanical factors in cavity formation which had 
previously been overlooked soon came to the fore 
and helped to explain the rapid formation and dis- 
appearance of certain cavities. Reinders, 1928, 
stated that the volume of the cavity does not rep- 
resent the amount of lung tissue actually de- 
stroyed but largely lung which has collapsed and 
which is still capable of expansion. He compares 
a small defect in the lung to a slit in a tense elastic 
membrane which becomes a circular hole; stretch- 
ing of the membrane enlarges the hole much more 
than the membrane. Pearson, 1930, needled a 
large cavity through the chest wall and found the 
pressure readings to be above atmospheric; after 
withdrawing approximately 750 cubic centimeters 
of air the pressures remained on the positive side. 
He considered that many cavities are due to infla- 
tion. Brooke, 1931, likewise needled a large cavity 
and found that the pressures were above atmos- 
pheric, to which they returned after the with- 
drawal of air. He considered that he was dealing 
with a valvelike obstruction of the bronchus lead- 
ing into the cavity. Thus slowly over a period of 
a few years it has been shown that certain cavi- 
ties are in communication with a partially ob- 
structed bronchus and exhibit increased intracav- 
itary pressures. As Korol, 1935, so ably expressed 
it, the “cause of sudden changes in the size of a 
tuberculous cavity is to be looked for in the state 
of the draining bronchus. A temporary narrow- 
ing of the bronchial channel may cause a ball 
valve mechanism with expiratory obstruction and 
rapid enlargement of the cavity. Relief of the 
obstruction leads to contraction of the cavity.” 
The mechanics of tuberculous pulmonary cavities 
still needed much clarification. In the year 1936, 
Coryllos (9), in a brilliant manner proved through 
gas analysis of aspirated intracavitary air the de- 
gree of patency of the draining bronchus. He 
showed that, in a cavity with an open bronchus, 
the pressures were atmospheric and the oxygen in 
the cavity was high (16 to 19%), whereas the car- 
bon dioxide was extremely low (1% or less). In 
Cavities where there was a check valve mecha- 
nism, permitting air to enter the cavity more 
freely than it could go out, the pressures were on 
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Fig. 2. Cavity with completely patent bronchus. The 
cavity wall expands and contracts with inspiration and 
expiration respectively. There is a free exchange of air be- 
tween cavity and bronchus. The intracavitary pressure 
does not synchronize with the intrapleural and one tends 
to return to zero before completion of each respiratory 
phase. Maximum and minimum of intracavitary pressures 
advance those of the pleura. This time interval and the 
amplitude of intracavitary oscillations are related to the 
size of the entering bronchus. 


the positive side and oxygen was less (10 to 17%), 
whereas the carbon dioxide content had increased 
(2 to 3%). If the bronchi were closed, especially 
following thoracoplasty, the intracavity pressures 
were negative and the oxygen content was below 
I per cent, whereas the carbon dioxide content had 
risen to levels of 5 per cent or higher. He consid- 
ered that there were three main types of cavity: 
(1) in which the bronchus was open permitting a 
good growth of tubercle bacilli with a positive 
sputum; (2) in which the bronchus was closed and 
the sputum disappearing, the gas entrapped 
slowly absorbing with resultant shrinking and 
eventual closure of the cavity; (3) narrowing of 
the bronchial lumen resulting in a check valve 
type of mechanism, increased intracavitary pres- 
sures and a concomitant ballooning out of the 
cavity. In a subsequent article Coryllos (10), 
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1938, stated that “complete closure of the bronchi 
is the only mechanism by which tuberculous cavi- 
ties may heal, whatever their size and the nature 
of their walls may be, even when anatomically 
they cannot collapse.” The views of Coryllos 
were severely criticized and opposed at first by a 
considerable number of authors. However, as 
time went on and knowledge increased, evidence 
from many quarters was published corroborating 
the concept of Coryllos. 

Eloesser, 1937, apparently inspired by the work 
of Coryllos, states “the relation of pulmonary 
cavities to the bronchial tree is important, not 
only theoretically but clinically,” furthermore “a 
partially or intermittently blocked bronchus can 
keep a cavity inflated and prevent its cure.” He 
suggests that “opening the cavity may open a 
previously occluded bronchus or may release a 
stop-valve mechanism.” Eloesser applied the term 


Figs. 3, a, above, and b. Cavity with intermittently 
closed bronchus. The arrows indicate the direction of trac- 
tion or pressures during inspiration and expiration. The 
intracavitary pressures are dependent on the efficiency 
of the check valve. At a certain stage of the expiratory 
phase the bronchial check valve closes so that the intra- 
cavitary pressures parallel those of the pleura. Similarly, 
during inspiration, a point may be reached at which the 
check valve opens so that the pressures temporarily be- 
have as in a cavity with completely patent bronchus. As 
result of this mechanism air is trapped with each respiratory 
phase. This results in increased intracavitary pressures 
with resultant progressively ballooning out of the cavity 
wall. Changes in cavity size are not considered in Figure 
3a. aand 3, Inspiration; c, end of inspiratory phase; d, 
beginning of expiratory phase; e, expiration; f, end of ex- 
piratory phase; g, beginning of inspiratory phase; /, in- 
spiration; i, end of inspiratory phase. 


“blocked cavity” to such cavities. He attempted 
to drain the cavity in 3 cases by introducing a 
catheter directly into the cavity through the 
chest wall and applying suction. Unfortunately 
suction was applied for 16 days only in 1 case and 
then discontinued; in a second case it was con- 
tinued for a period of 5 months without effect, 
and in the third case suction was applied to a 
large cavity in a desperately ill patient who died 
55 days after the institution of suction drainage. 
Eloesser concluded that “closed suction drainage 
of blocked cavities, a method which at the out- 
set seemed most promising and reasonable, has 
been a failure.” There was another group of 
workers who believed as Coryllos did, namely, 
that cavities with a partially occluded bronchus 
would tend to grow due to increase in the cavity 
pressure, whereas complete closure of the drain- 
ing cavity bronchus would lead to the closure of 
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the cavity. Thus at the Forlanini Institute, 
Bottari, on August 8, 1938, using the instrument 
devised by himself and Monaldi, inserted a 
catheter into a cavity. Continuous suction 
drainage was used with such good effect that in- 
tracavitary suction drainage was applied to many 
cases. The Monaldi (20-24) procedure as it is 
known has been used in many European and 
North and South American clinics. Following 
the first publication of Monaldi and his associates 
there have been a considerable number of reports 
by different workers with regard to the efficacy 
of this new collapse procedure. These, along with 
Monaldi’s own results will be examined more 
carefully further on in this article. 


MODERN CONCEPTS OF CAVITY FORMATION 
AND CLOSURE 


Mechanics of respiration. For a better appre- 
ciation of the development of tuberculous cavi- 
ties following initial tuberculous lesions, certain 
anatomical and physiological features of the lungs 
should be reviewed. Anatomically speaking, the 
lung is situated between the bronchi on one aspect 
and the pleura or chest wall on the other. Be- 
cause of this relationship, pressure potentials are 
conveyed from one to the other through the me- 
dium of the lung parenchyma. The lung tissue 
itself contains elastic fibers which are so arranged 
in their architectural distribution as to cause the 
lung constantly to contract upon itself around its 
bronchi. There is thus a tendency for the lung 
constantly to pull away from the chest wall. This 
is prevented by virtue of the potential vacuum 
existing between the parietal and visceral pleura. 
In utero there is no pressure potential, the lung is 
atelectatic and the chest wall is relaxed around the 
collapsed lung. Negative interpleural pressure 
develops at birth with the first diaphragmatic con- 
traction. The chest wall after birth tends to grow 
more rapidly than the lung which results in an in- 
crease in negative interpleural pressure. This 
tends to cause the lung to inflate, the degree of 
inflation being limited by the contractile power of 
the elastic tissues. Because of this phenomenon 
the so called complementary space in the posterior 
costophrenic angle never fills out in the adult. 
During normal inspiration inflation of the alveoli 
is brought about by forces derived from the ex- 
pansion of the thoracic wall and the descent of the 
diaphragm. This results in an increase of nega- 
tive pressure within the pleural space, which pulls 
the visceral pleura to the chest wall and the dia- 
phragm and causes enlargement of the lung. At 
the same time the bronchi tend to lengthen and 
there is an increase in the size of the bronchial 


Fig. 4. Common types of check valve mechanism. 
(Courtesy Goldman, Brunn, and Ackerman, Am. Rev. 
Tuberc., 1941, 43: 151.) a, Check valve, Closed when intra- 
cavitary pressure increased; open when it is decreased as 
with suction; air flow from bronchus to cavity only. b, 
Accordion action valve. Closed as chest wall collapses in 
expiration frequently obstructed by secretions; tends to 
open with decreased pressure or suction. c, By pass valve. 
Closed on expiration; open on inspiration; frequently ob- 
structed by secretions. d, Flutter valve. Closed on 
expiration; open on inspiration; air flow from bronchus to 
cavity only. e, Nonvalvular. Open on both phases of 
respiration; air flow from bronchus to cavity and from 
cavity to bronchus equally; cavity held open by attach- 
ments to pleura. 


lumina which facilitates the entrance of air into 
the alveoli. In the expiratory stage the intra- 
alveolar pressure moves from atmospheric to the 
positive side where it remains until sufficient air 
has escaped through the bronchi to return the 
intra-alveolar pressures to those of the atmos- 
phere. During this phase it should be remembered 
that the bronchi become shorter and smaller; thus 
it requires a somewhat longer time for intra- 
alveolar pressures to reach atmospheric levels at 
the end of expiration than it does at the cessation 
of inspiration. It is quite apparent that during 
inspiration the alveolar spaces must, of necessity, 
increase in size; the degree of their expansion is 
limited by two forces, the strength of the negative 
pressure created in the pleural space on one hand 
and the strength of the elastic tissue on the other. 
When the elastic tissues, that is the alveolar walls, 
have been damaged, this expansion of alveolar 
spaces will be very much greater during inspira- 
tion and there will be little, if any, tendency to- 
ward a return to normal size during expiration. 

Biological aspects of cavity formation. Until 
comparatively recently the belief was held by the 
majority of pathologists that tuberculous pulmo- 
nary cavities have as their starting point caseous 
necrosis which. involves both parenchyma and 
small bronchioles. The products of necrosis 
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Fig. 5. Photograph of lung specimen, showing residual 
cavity persisting after multistage thoracoplasty. Probe is 
in the bronchus with its tip protruding into the cavity 
lumen, pushing away from the mouth of the bronchus a 
trap-door-like flap. 


empty into the more distal bronchi; thus, by 
“thawing” of the tubercles, a cavity is formed 
connected with one or several bronchi (Charcot 
and Richer). 

Progressive destruction of pulmonary paren- 
chyma leads to increase in size by coalescence; 
eventually a lobule or an entire lobe may thus be 
transformed into a cavity. Unquestionably cer- 
tain cavities are formed in this way and we feel 
that the biological factor in cavity formation 
should not be entirely supplanted by the more re- 
cent mechanical concepts. 

Mechanical aspects of cavity formation—extra- 
cavitary factors. Pinner (26), 1928, and again in 
1931 (29) advanced the view that there is at first 
an infiltrative lesion which is followed by central 
necrosis and loss of tissue. The space thus pro- 
duced grows larger due to contraction of radially 
placed elastic fibers which tend to pull the cavity 
walls apart. Pinner states that “all cavities are 
pathogenically a product of well known tissue 
alterations characteristic of tuberculosis; the in- 
terplay of caseation, liquefaction, resorption, and 


SURGERY, GYNECOLOGY AND OBSTETRICS 


fibrosis with the peculiar mechanical conditioi 
existing within the pulmonary parenchyma ac- 
counts for the striking structural differences of 
cavities at a given time in their development.’ 
The movements of the diaphragm and thoracic 
wall during inspiration exert. traction on the lung 
which extends through to the cavity wall, and the 
traction thus produced tends to pull the cavity 
walls apart. The centrifugal movement of the 
cavity walls may be accentuated by direct adher- 
ence of the cavity wall to the pleura or by banis 
of scar tissue connected with pleura or mediasti- 
num and favors increase in cavity size. During 
expiration compression occurs from outside simul- 
taneously with increase of pressure within the 
cavity. The lung parenchyma directly surround- 
ing the cavity is thus caught between two oppos- 
ing forces and results in a compression of a zone of 
parenchyma around the cavity (Monaldi 20-24). 

Intracavitary factors. It was shown by Hall and 
later by Pearson, Brooke, Coryllos (9, 10), and 
others that certain cavities are in communication 
with a partly blocked bronchus and may exhibit 
increased intracavitary pressures. Gaseous pres- 
sures are set up within the cavity which exert an 
influence on the cavity wall; the pressures within 
the cavity decrease on inspiration and tend to in- 
crease on expiration. The pressures will vary ac- 
cording to the patency of the draining bronchus or 
bronchi (see Figs. 1, 2, 3, a and 3, b). A tension 
cavity develops where there tends to be a partial 
bronchial obstruction permitting the entrance of 
air into the cavity more freely than the escape of 
air. Such cavities have also been described as bal- 
looning, check, or ball valve cavities (see Figs. 3, 
a and 3, b which graphically depict the forces at 
work in a cavity with a valvular draining bron- 
chus). It will be observed that both during in- 
spiration and expiration there are forces at work 
which tend to dilate the cavity walls. The valvu- 
lar mechanism which produces a tension cavity 
may be located within the cavity or within the 
bronchial lumen (Fig. 4). The intracavitary check 
valve may be composed of caseous material or 
mucus and in other cases result from granulation 
tissue which partially overgrows the mouth of the 
bronchus. We have in our series found two such 
intracavitary check valve mechanisms at au- 
topsy; both of these cases had residual tension 
cavities that persisted in spite of thoracoplasty, 
which in one case was most extensive (Figs. 5 and 
6). The bronchus or bronchi draining a cavity 
may be partially occluded to form a check valve 
mechanism, which may be caused by (1) swelling 
of the bronchial mucosa due to tuberculous in/il- 
tration, (2) tuberculous ulceration, (3) partial 
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stenosis of the bronchial lumen resulting from 
peribronchial scar formation. A partial encroach- 
ment of the lumen of a draining bronchus may be 
such as to permit the passage of air through into 
the cavity during the inspiratory stage when its 
lumen is greatest, but will not permit the exit of 
air during the expiratory stage, when the bronchi 
have contracted and their lumina have subse- 
quently been decreased (Fig. 4). There is today, 
a most comprehensive literature far too extensive 
to quote here on the frequency of terminal bron- 
chial tuberculosis as a causative factor of partial 
bronchial occlusion with resultant formation of 
tension cavities. According to Coryllos (10), giant 
cavities are divided into two main groups depend- 
ent on the patency of the draining bronchi: (1), 
cavities with positive pressures or tension cavi- 
ties, and (2), cavities with atmospheric pressures. 
He states that only wide patency of the draining 
bronchus can explain atmospheric pressures in the 
cavity, and points out that there is usually absence 
of fluid and a thick wall. The same author was of 
the opinion that complete and permanent block- 
age of a draining bronchus resulted in highly nega- 
tive intracavity pressures with subsequent disap- 
pearance of the cavity. 

Closure of cavity. The mechanism of cavity 
closure with or without healing is still very much 
in dispute. Ameuille and Levesque, 1923, argue 
that closure of a draining cavity bronchus leads to 
retention of secretion, which they believe causes 
the cavity to enlarge rather than to shrink. Pin- 
ner (27) 1937, states that available anatomical 
evidence does not favor the claim of Coryllos and 
others that bronchial occlusion is the sole, or even 
a contributory mechanism in cavity closure with 
collapse therapy; in fact he claims that pulmonary 
tuberculous cavities are almost invariably found 
to have secondary infection. In his opinion, there- 
fore, a bronchial obstruction is a serious complica- 
tion, resulting in cavity progression and toxic 
manifestations. More recently Pinner (28) 1940, 
admits that some tuberculous cavities are not sec- 
ondarily infected and says that “there is no doubt 
that bronchi draining cavities may become oc- 
cluded without causing the clinically malignant 
event of sputum retention.”’ Eloesser 1937, writ- 
ing on what he terms “blocked cavity,’’ went so 
far as to state that “permanent obstruction, if 
there is such a thing, is also a factor that causes 
cavities to resist attempts at closure; it is because 
their bronchial outlets are stenotic that some cavi- 
tics persist.”” Completely at variance with the 
views of Ameuille are those held by Coryllos and 
his coworkers (9, 10), who believe that the condi- 
tion of a draining bronchus is the most important 
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Fig. 6. Lung specimen, showing bilateral residual cavi- 
ties persisting after bilateral upper stage thoracoplasty. 


factor in the closure of a cavity. A valvular mech- 
anism in the draining bronchus results in giant 
“tension cavity,’ whereas complete closure of the 
draining bronchus, according to Coryllos (10), 
must result in closure of the cavity. We also be- 
lieve that complete obliteration of a draining 
bronchus is absolutely essential to obtain perma- 
nent closure of any cavities. In our own experi- 
ence at autopsy we have never seen a completely 
closed cavity without obliteration of bronchus or 
bronchi. Usually the bronchus can be traced di- 
rectly to scar tissue into which it disappears. 
Salkin, Cadden, and McIndoe, 1936, studied 147 
cavities, of which 14 per cent did not commu- 
nicate with a bronchus. The investigation of cavi- 
ties was carried out on cadavers, the cavities being 
injected through the chest wall with lipiodol in 
an attempt to outline the bronchial communica- 
tion of each cavity. It is possible that, by this 
technique, bronchi which may have been open 
during life became blocked with caseous material 
or with mucus after death. Such cavities having 
bronchi thus temporarily blocked would fail to 
show a bronchial communication with lipiodol in- 
jection. Our own experience has taught us that a 
most careful search must be made for bronchial 
cavity communication. In 3 of our cases the 
pathologist reported no evidence of bronchial 
communication; 2 of the patients had had previ- 
ous thoracoplasty without closure of the cavity 
and the intracavitary pressures had been taken 
during life in both cases and found to be on the 
positive side. It was thus clear that in both we 
were dealing with residual tension cavities which 
resisted any attempt at closure by thoracoplasty. 
With this in mind a re-examination of the speci- 
mens by one of us was conducted; each and every 
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Fig. 7 a. 


Fig. 7. a, Large thick walled apical cavity with positive 
pressure. Marked reduction in size after 1 month of intra- 
cavitary suction drainage. b, Bilateral thin walled cavities. 


bronchus in the vicinity of the cavity was care- 
fully probed in the direction of the cavity. Two 
or three bronchi were probed and were found to 
end blindly and to have no communication with 
the cavity. Finally, however, in each case a 
bronchus was found which permitted easy passage 
of the probe into the cavity lumen. As the probe 
entered the cavity a trapdoor-like flap of tissue 
was lifted away from the cavity floor, revealing 
the mouth of a draining bronchus. The valvular 
mechanism thus demonstrated, guarding the lu- 
men of a draining bronchus, explained the reason 
for increased pressures in the cavities and likewise 
why these cavities failed to collapse following ex- 
tensive thoracoplasty. Auerbach and Green, 1940, 
in a most careful anatomical and pathological 
study, present almost irrefutable evidence con- 
cerning the important réle played by a bronchus 
in the closure of its cavity. They state that “in 
over two thousand (2,000) cavities observed by 
us, we have never seen an open cavity with a di- 
ameter of 3 cm. or more in which we were unable 
to trace with a slender probe a bronchus opening 
into the lumen of the cavity.” They state further 
that the “presence of a tuberculous bronchitis 
which will lead to occlusion of the lumen of a 
bronchus is of frequent occurrence. Bronchi al- 
most invariably show the same tuberculous proc- 
ess as that seen in their respective cavities.” 
Cavity wall. For many years collapse therapists 
and pathologists interested in collapse therapy 
stressed the importance of the cavity wall in cav- 
ity closure. It was felt that cavities of a chronic 
variety which showed a thickened wall by x-ray 
would be of the type to resist efforts to bring about 
collapse, whereas the thin wall apparently con- 
taining much elastic tissue was thought to be a 
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Fig. 7 b. 


Roentgenogram indicates bilateral apical tension cavities. 
Intracavitary pressures determined by needling: left: ten- 
sion cavity; right: nontension cavity. 


good type for thoracoplasty, as, for example, the 
cavities referred to by Pinner (29) as type II. If 
one examines carefully the x-ray reproductions of 
what Pinner (27) terms a type II cavity, one is 
reminded of the tension cavities of Coryllos. We 
know that such a cavity, in spite of its thin walls, 
is most resistant to collapse therapy due to the 
bronchial valvular mechanism which continues to 
balloon out the cavity walls. We have also seen 
many cavities which presented, by x-ray, ex- 
tremely thick walls which have responded ex- 
tremely well either to extrapleural thoracoplasty 
or to intracavitary suction drainage. Monaldi 
and his school hold that in the tension type of 
cavity the thickness of the cavity wall is largely 
made up of an outer zone of atelectatic lung tis- 
sue. It is his view that intracavitary suction 
drainage, by reducing the intracavitary pressure, 
permits the atelectatic zone of parenchyma to re- 
expand; in so doing the re-expanded lung tends to 
fill in the cavity space. The result of the re-expan- 
sion of collapsed lung is to increase the blood 
supply brought to the wall of the cavity. There 
are, unquestionably, cavities with a rigid wall 
formed of thick fibrous tissue as described by 
Pinner in his type III cavity; Monaldi and others, 
however, are of the opinion that this type of cav- 
ity is extremely rare, such cavities, when they do 
occur, offering considerable resistance to collapse 
therapy. We are of the opinion that this latter 
type of cavity cannot be diagnosed by x-ray ex- 
amination alone. In fact, in our experience, reli- 
ance upon x-ray estimation of large apical cavities 
can lead to serious error. As previously stated we 
have seen thick walled cavities, which from x-ray 
appearance would fit into the Pinner type III 
classification, respond quite readily to collapse 
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Nontension cavity. 


Tension cavity. 


Pneumothorax. 


© 


Pneumothorax. 


Pneumothorax. 


After pneumolysis. 
Nontension cavity. Tension cavity. 


Adhesions. 


Fig. 8. a, Effect of pneumothorax and pneumolysis. 


therapy (Fig. 7, a). Likewise, not infrequently 
our radiologists report a tension thin walled cav- 
ity which, upon needling, is revealed to have a 
slightly negative or atmospheric intracavitary 
pressure (Fig. 7, b). In general, x-ray films do 
not help in the estimation of the cavity’s response 
to collapse therapy. 


MECHANICS OF COLLAPSE THERAPY 
(Fig. 8 a, b, and c) 


Extrapulmonary collapse. In extrapulmonary 
collapse the object is to obtain physiological rest 
of the diseased areas and at the same time bring 
about closure of the cavities. This can be accom- 
plished only by diminishing or abolishing the 
extracavity forces which continuously tend to 
pull the cavity wall apart. When one or more of 
these forces are decreased, such as occurs in 
phrenic nerve interruption with paralysis of the 
diaphragm or when the chest wall pull is released 
by thoracoplasty, the lung, if it is sufficiently 
elastic, will collapse upon itself. The effect upon 
the cavity will depend largely upon two factors, 
namely (1), the flexibility of the cavity wall, and 
(2), the condition of the draining bronchus. In 


sion cavity. 


O 


| 


Tension cavity. 
Fig. 8. b, Effect of thoracoplasty. 
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Fig. 8. c, Effect of transthoracic suction drainage. 


that rather large group of cases in which the cav- 
ity wall is flexible but the intracavity pressures 
are high, due to a bronchial valvular mechanism, 
collapse of the cavity by release of extracavitary 
forces alone cannot be expected (Fig. 9). No mat- 
ter how extensive the thoracoplasty or how com- 
plete the pneumothorax the cavity must, of neces- 
sity, remain open. The collapse procedure simply 
changes the location of the cavity without influ- 
encing the positive intracavitary pressures which 
are constantly ballooning out the cavity wall. We 
have seen cavities drop from the apex to the 
fourth rib following a Semb apicolysis with thora- 
coplasty, and although reduced in size they are 
still very much in evidence. On the other hand we 
have observed giant cavities which, because of 
their size, appeared impossible to close by thora- 
coplasty. Much to our surprise, such cavities 
have collapsed in an accordion-like fashion at the 
end of the second stage of thoracoplasty (Fig. 
18, c). Cavities which have behaved in this fash- 
ion were known to have a widely patent draining 
bronchus or bronchi; the patency of the bronchi 
was proved by intracavitary pressure readings 
which were atmospheric or slightly negative. 
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Fig. 9. Positive pressure cavity unaffected by efficient 
artificial pneumothorax. a, Original cavity; b, inefficient 
artificial pneumothorax due to adhesions; ¢, efficient pneu- 
mothorax following pneumonolysis: no effect on cavity; 


Intrapulmonary collapse. “Tension cavities” 
are maintained by a valvular mechanism which 
exists within the lumen of the cavity or its drain- 
ing bronchus. The forces maintaining inflation of 
the cavity are thus not affected by extrapulmo- 
nary collapse. Monaldi recognized this fact and 
sought to overcome intracavitary forces by insert- 
ing a catheter directly into the cavity lumen with 
subsequent application of continuous suction. Ac- 
cording to Monaldi’s conception of a tension cav- 
ity there is a ring of atelectatic lung tissue sur- 
rounding it. During expiration positive intracavi- 
tary pressures expand the cavity walls at the same 
time as the surrounding lung contracts; hence the 
lung parenchyma directly around the cavity is 
caught in between two opposing forces and a ring 
of atelectatic lung results. Intracavitary suction 
prevents the building up of positive pressures and, 
according to Monaldi, permits the atelectatic 


d, re-expansion of the lung-intracavitary pressures are 
positive; e, cavity reduced by intracavitary suction drain- 
age; f, lipiodol instillation into sinus track—cavity re- 
duced to size of catheter, bronchus still open. 


zone to re-expand. The re-expanded lung in cer- 
tain areas develops compensatory emphysema, 
which helps to obliterate the cavity space. The 
re-expansion of previously atelectatic lung tissue 
permits of an increased blood flow in the region of 
the cavity wall. This is thought by Monaldi to 
be of value in the healing of the cavity. As the 
suction is continuous, sputum, caseous material, 
and other cavitary débris is continuously aspi- 
rated. Monaldi suggested that the removal of 
disease products by suction might convert cavi- 
ties of the “inert” type into “retractile” ones. 
Choice of collapse procedure. A consideration of 
some of the factors responsible for cavity forma- 
tion and closure shows quite clearly that the con- 
dition of the draining cavity bronchus must he 
known before surgical collapse therapy is ai- 
tempted. This information can be obtained only 
through a complete study of the intracavitary 
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Fig. 10, Authors’ instruments devised to avoid common complications occurring 
during determination of intracavitary pressures or institution of transthoracic cavity 


drainage. 


A, Directing needle (modified initial pneumothorax needle), B, exploring 


needle; C, three-way stop cock; D, 2 cubic centimeter Luer-Lok syringe; E, 10 cubic 
centimeter Luer-Lok syringe; F, Wangensteen cannulae, G, ruler; H, rubber tube con- 


nection with manometer. 


pressures. The authors (34) in a previous article 
have pointed out that “a condition of an enter- 
ing bronchus generally cannot be observed by 
bronchoscopic examination—the bronchoscope 
will demonstrate only where there is a partial 
bronchial stenosis in the first order of bronchus— 
negative bronchoscopic examination, therefore, 
does not rule out disease in the fourth or fifth or- 
der of bronchus, which might be draining the 
cavity under consideration.’’ We were, and still 
are, of the opinion that intracavitary pressure 
readings should be taken in all cavities larger than 
2.5 centimeters prior to attempting thoracoplasty. 
If the pressures are such as to indicate the pres- 
ence of a tension cavity then thoracoplasty as an 
initial measure should not be undertaken. Fail- 
ure to recognize a tension cavity before beginning 
a multistage thoracoplasty accounts, we believe, 
for a considerable number of residual cavities. 
The residual cavity persists in the presence of, and 
in spite of, what appears to be a technically excel- 
lent collapse. The authors (34) reported 12 resid- 
ual cavities in 119 completed thoracoplastic cases, 
in which the intracavity pressure readings were 
found to be highly positive. “We do not wish to 
imply that all residual cavities having highly pos- 
itive pressures were originally tension cavities. It 
does, however, seem logical to deduce that the 
positive pressure cavity found open after a multi- 
stge thoracoplasty was probably a tension cavity 


to begin with.” In the treatment of tension cav- 
ity it is, therefore, our opinion that an attempt to 
close the cavity should be made first by intracav- 
ity suction drainage. Those cavities which by 
intracavitary pressure reading and study are con- 
sidered to have a wide open draining bronchus 
with atmospheric pressure respond most favor- 
ably, in our experience, to thoracoplasty. Thora- 
coplasty is therefore indicated in atmospheric or 
negative pressure cavities. 


METHOD AND INSTRUMENTS FOR DETERMINING 
INTRACAVITARY PRESSURE 


Instruments. The instruments used for meas- 
uring intracavitary pressures and for establishing 
closed intracavitary suction drainage were de- 
signed by us and are shown in Figure 1o. A 16 
gauge Kiiss initial pneumothorax needle, Ar, 
has been fitted completely with Luer-Lok con- 
nections including a blunt stilet, A2, thus insur- 
ing an airtight system. On the shaft of the Kiiss 
needle there is a sliding collar, A 3, which can be 
fixed at any point by a thumbscrew. The ex- 
ploring needle, B, consists of a 19 gauge shaft, 
from 12 centimeters up to 18 centimeters in 
length, Bz and Bg. The hub, B3, of the needle 
can be attached to the shaft at any point by 
means of a screw lock, B2. The screw lock con- 
tains a small rubber washer and makes an airtight 
connection with the hub. The length of the nee- 
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Fig. 11. Operative technique of transthoracic intra- 
cavitary pressure readings and suction drainage. a, Patient 
in supine position. Cavity projected to anterior surface by 
fluoroscopic examination. Note scar of anterior thoraco- 
plasty; b, introducing of directing needle; c, removal of 
sharp trocar; d, introduction of blunt trocar with attached 
syringe; e, manometer connected; f, adjusting length of 
needle shaft; g, exploring needle assembled with 3 way 
stop cock and syringe filled with saline; h, exploratory 
needle in cavity; aspiration of air through solution; i, re- 
moval of hub of exploratory needle and 3 way stopcock; 
k, removal of directing needle; 1, search for blood vessels; 


dle shaft required is measured by a steel ruler, G. 
The two metal cannulae, Fz and F2, were de- 
signed by Wangensteen for drainage of lung ab- 
scesses. They have been modified to take a Luer- 
Lok hub, F3, at the noncutting end. The hub fits 
both cannulae. 

Technique. (Fig. 11 a to x: adapted from a 16 
millimeter motion picture in color, prepared and 
filmed by the authors). In cases with cavitation 
referred to the surgical service for thoracoplasty, 
either there has been an inefficient pneumothorax 
with adherent apex or it has been found impos- 
sible to induce pneumothorax. Even though the 
pleural space directly over the cavity appears to 
be obliterated, there may be small residual areas 
in which the parietal pleura is not adherent. To 
avoid infecting the pleural space when needling a 
cavity we use a modified 16 gauge Kiiss needle 
through which a longer needle, of 19 gauge and 
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m, incision of skin; n, coagulating current applied to needle 
shaft; o, Wangensteen cannula, upper and lower (cutting) 
halves; p, cutting half introduced over needle shaft into 
the cavity; q, cutting half in position, removal of needle 
shaft and application of coagulating current; r, cutting 
half of larger cannula slipped over assembled halves of 
smaller cannula; s, Nélaton catheter, size 14, introduced 
into the cavity through larger cannula; t, cannula with- 
drawn, catheter in place; u, catheter fastened with 14 inch 
tape and adhesive; v, dressing with special binder; w, 
Pemberthy pump with attached vacumeter; placed in base- 
ment of institution; x, Davidson suction bottle attached. 


12 to 18 centimeters in length, can be introduced. 
Both needles are fitted with Luer-Lok connec- 
tions. Under local anesthesia, the Kiiss needle 
with its trocar is introduced through the intercos- 
tal space down to ihe parietal pleura (Fig. 11, b). 
The trocar is removed (Fig. 11, c) and replaced by 
the blunt stilet, which is connected to a 2 cubic 
centimeter Luer-Lok syringe (Fig. 11, d). The 
parietal pleura is then punctured and manometer 
attached to the side arm of the instrument by a 
rubber tube (Fig. 11, e). If a free pleural space is 
encountered, the needle is immediately with- 
drawn and reintroduced at another point. When 
the pleural space is found to be obliterated and no 
pressure reading obtained, the sliding collar on the 
Kiiss needle is set. The Kiiss needle is thus at all 
times kept at the same distance as regards both 
the pleural space and the cavity. The distance 
from the chest wall to the cavity has been previ- 
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Fig. 12. Tomographic study of apical cavity. The 
distance of the cavity from the posterior chest wall is 


ously estimated by means of the tomograph 
(Fig. 12). The latter distance, added to the dis- 
tance from the chest wall to the hub of the Kiiss 
needle, gives the approximate length of the ex- 
ploring needle which will be required. This length 
is measured on the shaft of the exploring needle 
and the hub is set at the desired point by the ad- 
justment of the lock screw (Fig. 11, f). The hub 
of the exploring needle is now attached to a three 
way stopcock, which is also connected to a syringe 
containing saline and to a manometer (Fig. 11, g). 
The exploring needle is now introduced through 
the lumen of the Kiiss needle until the lumen of 
the cavity has been entered (Fig. 11, h). As the 
exploring needle penetrates the chest and cavity 
wall it is important to keep the stopcock turned in 
the direction of the syringe. The plunger of the 
syringe is constantly being withdrawn as the nee- 


shown on each film in centimeters. (Courtesy of Dr. C. B. 
Peirce, Royal Victoria Hospital, Montreal.) 


dle is pushed ahead; this is done in order to de- 
tect blood vessels in its path and also to know 
when the cavity lumen has been entered. The 
saline in the syringe guards against possible air 
embolism which could occur if a large blood ves- 
sel were encountered. There are two ways of 
knowing when the exploring needle has entered 
the cavity. The first is the sudden release of re- 
sistance which is felt as the needle finally pene- 
trates the thick cavity wall; the second is the 
entrance of air into the saline filled syringe (Fig. 
11, h). As soon as air enters the syringe the stop- 
cock on the exploring needle is immediately 
turned so as to obtain manometric readings; in 
this way, very little air is withdrawn from the cav- 
ity and none is allowed to escape. The initial 
intracavitary pressures cannot be accurately re- 
corded; unless these precautions are taken to pre- 
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vent loss of air, the intracavitary pressures will 
ie temporarily reduced. This will result in intra- 
cavitary pressure readings which will in no way be 
a true measurement of the initial pressure present 
hefore needling. The positive intracavitary pres- 
sures recorded in the literature by many observers 
are for the most part on the low side, the reason 
for such low pressures becoming quite clear when 
one examines the methods used. 

Inter pretation of intracavitary pressure readings. 
At the Grace Dart Home Hospital we have found 
it necessary to standardize pressure readings, par- 
ticularly with reference to the different phases of 
respiration. After insertion of the needle into the 
cavity it is best to permit the patient to quiet 
down before recording the pressure. In all cases 
the pressure readings are recorded in the follow- 
ing sequence: initial pressure, quiet breathing 
after cough, following withdrawal of air, after the 
introduction of air. The pressures within a cavity 
depend almost entirely upon the patency of an 
entry bronchus or bronchi. 

A record of the cavity needling is kept on a spe- 
cial form (Fig. 13, a). 

Estimation of such pressure, therefore, conveys 
a clear functional picture of bronchial patency 
(kymographic records, Figs. 1, 2 and 3). Coryllos 
(10) has classified cavities according to their intra- 
cavitary pressures and divides them into three 
main types, namely: negative, atmospheric, and 
positive pressure cavities. Manometric oscilla- 
tions change rapidly between inspiration and ex- 
piration. By taking the highest and the lowest 
manometer readings, a mean average is obtained 
in order to ascertain into which group the cavity 
belongs by virtue of its intracavity pressure. 


Negative pressure cavity with completely blocked bronchus. 

“Initial pressure, —10, —7. 

Forced breathing, —12, —5. 

Quiet breathing after cough, — 10, —7. 

Withdrawal of air, —18, —12, w here it remains. 

Introduction of air, +4, +8, where it remains.” 
A cavity showing a negative pressure reading has tem- 
porarily no connection with a bronchus. The higher the 
negative pressure, the older the bronchial occlusion. When 
the pressures are negative, but close to the atmospheric, 
the bronchial closure was probably of recent origin and 
may be quite temporary, for example, if it is plugged by 
mucus. 


Atmospheric pressure cavity, open bronchus. 


“Tnitial pressure, —3, +3. 

Forced breathing, —8, +8. 

Quiet breathing after cough, —3, +3. 

Withdrawal of air, —3, +3. | 

Introduction of air, —3, +3. 
The greater the oscillation, fa _— the bronchus. 
When there is a large and patent bronchus there are prac- 
\ically no oscillations, and the pressure is approximately 


Positive pressure cavity, check valve bronchus. 


“Initial pressure, —2, +2. 

End of inspiratory phase, —2, goes to o. 

End of expiratory phase, +2, remains steady. 
Forced respiration, —4, +4. 

Quiet respiration, 0, +4. 

Cough, +30. 

Quiet respiration after cough, +6, +10. 
Withdrawal of air, —2, +2. 

Introduction of air, +6, +10.” 


INDICATIONS FOR CLOSED TRANSTHORACIC 
JINTRACAVITARY DRAINAGE 


Tension cavity. The only true indication for 
intracavitary suction drainage is that of a tension 
cavity or cavities larger than 2.5 centimeters, 
which have been proved by needling of the cavity 
and the recording of positive pressure. 

Contraindication. We are not prepared to advo- 
cate suction drainage of large cavities with nega- 
tive or atmospheric pressures when such cavities 
usually respond so well to thoracoplasty. Many 
of the cases reported in the literature which were 
treated by suction drainage were of the atmos- 
pheric type, which fact in part may account for 
some of the failures recorded. A very sick pa- 
tient in whom the disease is rapidly spreading to 
other parts of the lung or lungs should not have 
intracavitary drainage. It should be remembered 
that intracavitary suction drainage works by 
overcoming unfavorable local mechanical factors. 
The general clinical improvement which follows 
suction drainage is probably due to aspiration of 
débris and other toxic products which were previ- 
ously absorbed. The closing of one cavity may 
slightly influence disease elsewhere, but it is not 
likely to increase general immunity sufficiently to 
arrest a widely spread and progressively active 
lesion. Treatment of such cases because “they 
are doomed” or because “if it does not do them 
any good cannot do them any harm,” simply 
throws discredit on the procedure and should be 
avoided. There is, however, no contraindication 
to the treatment of bilateral tension cavities or of 
multiple tension cavities on the same side. 

Free pleural space. A free pleural space is a 
definite contraindication to transthoracic intra- 
cavitary drainage. The space should first be oblit- 
erated before proceeding. In our series we have 
encountered 15 free pleural spaces; of these 8 were 
obliterated by the injection of whole blood into 
the pleural cavity, by the technique of Kupka and 
Wagner and one by introduction of sulfathiazol 
powder suspension in saline solution. A proper 
obliteration of the pleural space is very important. 
In the absence of solid pleural symphysis trans- 
thoracic intracavitary puncture may result in a 
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tuberculous empyema with or without a broncho- 
cutaneous pleural fistula. 

Abandoned pneumothorax. In those cases in 
which pneumothorax has failed to close the cavity 
and it is decided that other measures of collapse 
therapy are to be instituted it is very important 
to make certain that the re-expanded lung has be- 
come firmly adherent. We have had experience 
with one case of this type in which there appeared 
to be good symphysis of the pleura as indicated 
by repeated needling with initial pneumothorax 
needle; actually on introduction of the cannulae 
the visceral pleura was pushed ahead and, fortu- 
nately was recognized before the cavity was en- 
tered and resulted in no harm. We feel that a 
minimum of 2 months should elapse following the 
complete re-expansion of a pneumothorax before 
transthoracic intracavity drainage is attempted, 
in order to insure strong pleural symphysis. 

Location of cavity. Cavities located near the 
hilar region are difficult and dangerous to drain. 
The large pulmonary vessels are too close for 
safety. 

Hemorrhage. Hemoptysis is a definite contra- 
indication to transthoracic intracavitary drain- 
age, particularly if it has been established that the 
blood is coming from the cavity to be drained. 


CLOSED TRANSTHORACIC INTRACAVITARY 
DRAINAGE 


We have previously stated that it is of the ut- 
most importance to know intracavitary pressures 
prior to instituting thoracoplasty. When apical 
cavities are shown to have constant pressures it 
would seem logical to reduce those pressures be- 
fore thoracoplasty is performed, although a cav- 
ity having a positive pressure before thoraco- 
plasty may become a negative pressure cavity 
after the first or second stage. Nevertheless, the 
evidence, both pathological and physiological, 
argues against this probability. It is difficult to 
see how a diseased bronchus would be very much 
changed by dropping the cavity down to the level 
of the third or fourth dorsal vertebra. With this 
in mind we have felt that all positive pressure cav- 
ities should have direct intracavity suction drain- 
age. The so called Monaldi method, or closed 
transthoracic intracavity drainage, maintains a 
consistently negative pressure in a formerly posi- 
tive pressure cavity and results in ultimate clos- 
ure or reduction in size of a high percentage of 
large cavities. It is generally conceded that intra- 
cavitary suction drainage as a collapse measure is 
only partially successful. 

Preoperative precautionary procedures. Prior to 
the transthoracic intracavitary drainage it is ab- 


solutely imperative that the parietal and viscera! 
pleura be proved to be adherent. This adherenc« 
must be over a large area. In addition to the uss 
of the technique described for intracavitary pres- 
sure reading, it has been our custom to needle the 
thorax with a standard Kiiss needle at four or five 
different points in the region over and around the 
cavity. In those cases in which we find the pleura 
only partially adherent, the small pockets are in- 
jected with the patient’s blood for purpose oi 
obliteration. 

Operative technique (Fig. 11). The patient is 
given '4 grain of morphine and 1/ioo grain of 
scopolamine. On the operating table the supine 
position is used (Fig. 11, a). The neutral electrode 
of the coagulating current is placed securely in the 
dorsal region. Under local anesthesia the explor- 
ing needle is introduced through the first inter- 
space approximately in the midclavicular line, 
directly into the cavity as previously described 
(see “Technique of Intracavitary Pressure Read- 
ings,” Fig. 11, a to h). Intracavitary pressure 
readings are taken. The hub of the exploring nee- 
dle which was left in its original position in the 
cavity, is removed (Fig. 11, i) and the Kiiss needle 
is withdrawn (Fig. 11, k). A 20 gauge spinal nee- 
dle with syringe filled with saline is used to ex- 
amine the region adjacent to the exploring needle 
(Fig. 11,1). This is done in order to determine the 
presence of large blood vessels which might have 
been missed by the exploring needle and yet 
would not be missed by the larger cannula. Each 
time that the spinal needle is used it is inserted 
directly into the cavity. This is done over an 
area slightly larger than the largest cannula to be 
inserted. The skin and subcutaneous tissue are 
incised about half a centimeter on either side of 
the exploring needle (Fig. 11, m). The active 
coagulating electrode is applied to the needle 
shaft for approximately 20 seconds (Fig. 11, n). 
This had been established for our machine as the 
time necessary to coagulate a zone of 2 millimeters 
around the needle on fresh beef lung. The cutting 
half of a medium-sized Wangensteen cannula is 
now slipped over the shaft of the exploring needle 
and pushed into the cavity (Fig. 11, 0, p). The 
exploring needle is withdrawn and the active 
coagulating electrode applied again (Fig. 11, q). 
The second half of the medium-sized cannula with 
its attached Luer-Lok adapter is connected to the 
first half. The intracavitary pressures are taken 
again to ensure that this cannula is within the 
cavity. There is usually an audible exchange of 
air after the cannula has been introduced into the 
cavity. The adapter is removed, and the cutting 
half of the large sized cannula is passed over the 
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lirst cannula and pushed through the chest wall 
into the cavity (Fig. 11, r). The first cannula is 
removed and the upper half of the large sized can- 
nula is attached. The coagulating current is 
again applied to this cannula and the pressure 
readings are taken. The upper half of the cannula 
is unscrewed. A size 14 Nelaton catheter is used. 
Two extra holes of good size are cut in the catheter 
wall near the tip, while a piece of linen thread is 
tied around the catheter. This is placed at a dis- 
tance from the tip so it will be flush with the skin 
when the tip is in the cavity. The catheter is in- 
troduced through the cannula (Fig. 11, s) and the 
cannula is then removed (Fig. 11, t). One silk- 
worm stitch is used to close the skin. The tube is 
held in place by a piece of quarter inch tape which 
is tied around the tube to the linen thread 
marker. Both ends of the tape are fixed to the 
skin by adhesive tape (Fig. 11, u). The dressing is 
kept in place by a special binder (Fig. 11, v) 
including a changeable piece of washed x-ray film. 

Suction. During the first 48 hours the catheter 
is aspirated with a 20 cubic centimeter syringe, 
three times daily. If at the end of 48 hours there 
is no longer blood streaked sputum, suction is 
applied to the catheter. There are two methods of 
suction. The first is that of intermittent negative 
pressure, which was advocated by Monaldi, who 
used the two bottle system; the second, that of 
constant pressure produced by a water, steam or 
electric pump. Monaldi prefers the former be- 
cause he was of the opinion that continuous suc- 
tion traumatized the lung tissue. 

At the Grace Dart Home Hospital we have em- 
ployed continuous suction; a Pemberthy hydrau- 
lic ejector, usually used for evacuation of stagnant 
water in mines, cellars, etc., has been placed in the 
cellar of the institution from which pipe lines have 
been led into two of the wards (Fig. 11, w, x); 
thus a continuous source of negative pressure is 
constantly available at each bed. 

The pump, having a 34 inch supply connection, delivers’ 
under a water pressure of 40 to 60 pounds, a vacuum of 
about 21 to 25 inches mercury, provided all suction outlets 
are closed. The vacuum drops down to 8 to 10 inches 
mercury, when approximately 12 to 15 patients are con- 
nected with the system, assuming an average individual 
suction pressure and an average size of bronchus or bronchi. 
The supply pressure, however, is throttled down to about 
5 inches mercury negative pressure which is still higher 
than the maximum suction pressure ever applied by the 
authors in these cases. (The highest heretofore was 6 cm. 
Hg.). The vacuum supply is under constant control of the 
engineer on duty. This system was found a most reliable, 
simple and economic one after having experimented with 
various vacuum generators for a long time. 


The degree of individual suction is controlled 
by a column of fluid within a Davidson (32) bot- 


tle (Fig. 11, x). Each case is started off with 2 to 
3 centimeters water of negative pressure, which is 
gradually increased as required. We are of the 
opinion that continuous suction is necessary in 
order to obtain satisfactory results. The object of 
the suction is twofold, the first being to maintain 
constantly a negative pressure within a tension 
cavity, and the second to aspirate the necrotic 
material and tubercle bacilli from the cavity lu- 
men. We cannot understand how a two bottle 
system, which requires constant attention and 
changing, can possibly fulfill these two require- 
ments. If the draining bronchus is a large one the 
rate at which air is trapped in the cavity may 
quite easily exceed the speed with which it is 
withdrawn through the catheter. Indications for 
increasing suction are, therefore: (a) failure of the 
cavity to show any decrease in size after 1 week to 
2 weeks of treatment, (b) the absence of catheter 
drainage. In our first patient we were faced with 
this problem and we slowly, week by week, in- 
creased the negative pressure until eventually a 
6 centimeter column of mercury was used; with 
this very high negative pressure there was good 
catheter drainage and rapid closure of the cavity. 
For the first week to 10 days the patient suffered 
periodically from dyspnea and inability to catch 
her breath. There was no evidence of right sided 
heart failure and no blood tinged discharge from 
the catheter. We interpreted the period of parox- 
ysmal dyspnea as being due to intermittent open- 
ing of the bronchus, which permitted suction of 
air out of the sound lung. 

Continuity of suction. In most cases the suction 
is maintained approximately 12 hours daily and 
is discontinued at night. In certain resistant cav- 
ities it has been maintained throughout the entire 
24 hours with beneficial rather than harmful re- 
sults. As the general condition of the patient im- 
proves and the cavity grows smaller, the strength 
of the suction is gradually decreased. 

Catheter. The catheter should be left in place 
for at least 10 days after its insertion into the 
cavity. We have found it expedient to insert the 
catheter more deeply into the cavity than is nec- 
essary. A well defined sinus tract will be formed 
at the end of 10 days. By this time it is safe to 
remove the catheter slowly under fluoroscopic 
control, leaving approximately an inch and a half 
of its tip within the lumen. Shortening of the 
catheter prior to 10 days, in our opinion, may 
result in the catheter coming out of the cavity, in 
which case it is almost impossible to reinsert it 
without repeating the entire procedure. 

Permanent removal of catheter. The end of treat- 
ment is determined by (1), the complete disap- 
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pearance of the cavity as proved by tomographic 
studies; (2), the absence of tubercle bacilli in 
catheter contents; (3), negative sputum. In those 
cases, however, in which the sputum remains pos- 
itive and the catheter drainage contents are nega- 
tive, we have been able to show that the positive 
sputum was coming from a source other than that 
of the cavity under consideration; in such cases, 
suction drainage is discontinued and is imme- 
diately supplemented by thoracoplasty. 

Catheter withdrawal. This should be done slowly 
over a period of 3 or 4 weeks, although in many 
cases the catheter is slowly pushed out by the 
contracted lung. 


COMPLICATIONS 


1. Hemorrhage. In our series we have not ex- 
perienced a single case of severe hemorrhage. Our 
technique for introducing the catheter into the 
cavity is designed to avoid this most unfortunate 
and usually fatal operative complication. In 
other clinics, after the exploratory needle has en- 
tered the cavity and it has been ascertained that 
the pleura is adherent, a metal trocar and can- 
nula are blindly inserted alongside of the explora- 
tory needle. In this way the trocar and cannula 
could quite easily puncture a large blood vessel 
which had been missed by the fine gauge explora- 
tory needle. By the use of the technique here 
presented the cannula entering the lung cavity is 
guided there along the same path as was taken by 
the shaft of the exploring needle. It should also be 
noted that by using Wangensteen’s cannulae the 
first cannula to enter the cavity has a diameter 
only slightly larger than that of the original nee- 
dle. We believe that preliminary exploration with 
a second small gauge needle directly into the cav- 
ity in the zone around the first needle’s shaft is a 
necessary safeguard against entering a large blood 
vessel. 

2. Airembolism. Certain precautions are taken 
to avoid this complication. The patient is pos- 
tured on the table so that his head and chest are 
lower than his feet. The exploratory needle pass- 
ing through the lung is attached to a saline filled 
syringe. It is felt that the coagulating current ap- 
plied to the shaft of the exploring needle and to 
each Wangensteen tube in succession, after it has 
entered the cavity, will seal small blood vessels 
which may have been opened by the passage of 
the needle or cannula. 

3. Empyema. This can occur only if pleural 
symphysis is incomplete or insecurely complete, 
such as occurs after pneumothorax. We attempt 
to guard against this complication by repeated 
punctures of the chest wall with an initial pneu- 


mothorax needle over an area much wider than 
the cavity itself. In the needling of the cavity it 
will be noted that the exploratory needle is in- 
serted through an initial pneumothorax needle at 
a site which has previously been shown not to 
have a free pleural space. 

4. Bronchopleural cutaneous fistula. In our se- 
ries there has been 1 case of persistent draining 
sinus; this occurred after the draining of a residual 
tension cavity persisting after thoracoplasty ani 
in which suction drainage had to be discontinue:| 
because of the development of a psychosis. 


THORACOPLASTY AND THE TENSION CAVITY 


We have previously stated that thoracoplasty 
as a collapse measure in the treatment of tension 
cavities is, and must be, highly inefficient. The 
use of thoracoplasty, however, in conjunction 
with transthoracic intercavitary suction drain- 
age is essential. 

Anterior thoracoplasty. Large apical cavities 
which by tomograph and fluoroscopy are shown 
to be directly in contact with the anterior pleura 
should have a preliminary anterior stage thoraco- 
plasty, carried out before the institution of suc- 
tion drainage. This we believe to be important in 
order to permit the cavity to collapse. When the 
cavity is deeply situated within the lung, suc- 
tion drainage by preventing intracavitary ten- 
sion permits of the collapse of the cavity with 
re-expansion of the surrounding atelectatic lung. 
However, when one wall of the cavity is adherent 
to the chest wall, there is no intervening lung 
which can re-expand and help to fill in the space 
created by the cavity. The removal of the first 
three ribs anteriorly permits the chest wall to sink 
inward and thus helps to obliterate the cavity. 
The anterior first three ribs are removed well out 
into the posterior axillary line so that after trans- 
thoracic intracavitary drainage has been well 
established, and the cavity has shrunken to the 
size of a catheter, a posterior upper stage thora- 
coplasty can be carried out with safety while a 
catheter is still i situ. In other cases in which 
the cavity has been deeply situated and more 
posterior than anterior, a partial posterior stage 
thoracoplasty has been carried out. 

An analysis of the literature on transthoracic 
intracavitary suction drainage makes it clear that 
cavities subjected to this type of collapse proce- 
dure will close, but that the closure will not be 
permanent. Some of the reasons for re-expansion 
of such cavities a few months after discontinuing 
suction drainage became apparent to us in our 
first case (see Case 2). A large apical cavity was 
rapidly decreased by catheter drainage and finally 
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TABLE I 
Treatment completed Under treatment 
Collapse Sputum con- 
Disease procedure No vetted Cavity Sputum Catheter Death 
of closed of 
cases tomogram | cases 
7. Yes | No Pos. | Nee. Neg. | Pos. Pos. | Neg. Neg. 
UNILATERAL | 
| 1. Nontension single cavity 8 Thoracoplasty 7 7 | 5 I — | 
1 » Honeycomb cavities too small 9 | Thoracoplasty | 7 7 — | 5 2{;— | ~| | — | 
| to needle | | | | | 
3 Positive pressure single cavity | ECS.D es — 
| LCSD.and | 3 | 3 | — | 2 s | 3 3 | 2 
thoracoplasty | | | 
4. Honeycomb cavities with large LS.C.D. I I — |. 
n | L.C.S.D. and 2 2 I | 
| thoracoplasty | | | 
1 BILATERAL | | | 
1. Nontension single cavity | 8 | Thoracoplasty | 7 6 | 3 |— | 
2. Honeycombing large nontension | 2 | Thoracoplasty I I | 2 | | 
cavity | | 
3. Honeycombing cavities too Thoracoplasty |§ — | — — | 
n small to needle | | 
Bilateral nontension cavities 1 | Bilateralthorae | 1 | 1 I 
| coplasty | | | | 
5 Positive pressure single cavity ro | LC.S.D. - 4 4 = 2 | 
n LC i 3 | 2 | 2 2 1t 
e | thoracoplasty | | | 
6. Honeycombing with large | LCS.D. and | | 1} 
| tension cavity thoracoplasty } | | 
h Tension and nontension cavity 2 |* | | | 2 
opposite sides | | | 
RESIDUAL CAVITIES | | | | 
t 1. Unilateral thoracoplasty 4 Packing 2 — | 
| I.C.S.D. — — | 21] 2 2 
2. Bilateral thoracoplasty | | Packing and | — | 19 
t | LC.S.D. 
Total | 50 33 31 2 20 21 12 5 
- *Positive sputum coming from contralateral side. : 
t tConverted sputum and catheter content. Cavity still open but greatly reduced in size. Dies of tuberculous meningitis six weeks after starting 
drainage. 
- {Bilateral disease with large tension cavity left apex and multiple cavities on same side. Tension cavity closed by I.C.S.D. followed by thoraco- 
| plasty. Other cavities not closed. Death due to uremia. 
**Case 1: Positive pressure cavity right apex, closed by suction drainage and upper stage thoracoplasty; left apical nontension cavity closed by an- 
e terior and two stage posterior thoracoplasty. Died of foreign body aspiration pneumonia. Case 2: Right- sided nontension cavity closed by 2 stage 
seven rib thoracoplasty; left apical tension cavity: Anterior thoracoplasty, died from circulatory failure. 
\- {Intracavitary suction drainage one side. Died 6 weeks later of psychosis. 
a 
h appeared to be closed. The sinus tract healed and _ of cases by superimposing thoracoplasty to ensure 
e the sputum turned negative. Stereoscopic x-ray permanency of closure. 
© pictures failed to show any evidence of the cavity. aa 
Tomograph x-ray pictures, however, showed a ener 
Ic small residual cavity still open. With this evi- In 70 patients an attempt was made to needle 
it dence at hand, a 5 rib upper stage thoracoplasty _76 cavities in order to ascertain whether they were 
> was completed. A recheck by tomograph follow- of the tension or nontension variety. Of 63 cavi- 
1c ing thoracoplasty showed that the small residual _ ties actually needled, 27 or approximately 42 per 
n cavity was completely obliterated. We have, cent, of the cavities in which the intracavitary 
ig since, taken the stand that intracavitary suction pressures were taken proved to have a positive 
ir drainage will reduce and even close cavities but _ pressure (16 had negative pressures and 20 showed . 
iS not permanently. Permanent closure of tension atmospheric pressure). These figures are of inter- 
\ cavities can only be obtained in the vast majority est when one considers the frequency of residual 
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cavities following thoracoplasty. Thirteen cavi- 
ties were not needled, 6 because they could not be 
located with the exploratory needle and 7 because 
the initial pneumothorax needle showed there to 
be a free pleural space. In all, 150 needlings of 
cavities were completed in a total of 62 cases. On 
5 different occasions the exploratory needle en- 
countered a blood vessel. Further exploration of 
the cavity lumen was deferred in each of the 4 
cases. There were no ill effects and no complica- 
tions, that is, all needlings were accomplished 
without development of air embolism, empyema, 
or gross hemorrhage. 

As we have previously stated, we are of the 
opinion that no surgical collapse measure should 
be undertaken to collapse cavities larger than 2.5 
centimeters before the intracavitary pressures 
have been determined by needling. In this series 
of 59 treated patients, 5 of them had residual cavi- 
ties following thoracoplasty; the 54 remaining pa- 
tients had one or more cavities, 24 of which were 
tension cavities. The positive pressure cavities 
were all treated by transthoracic intracavitary 
drainage with or without thoracoplasty. In those 
cavities which were unusually large and in which 
the anterior wall of the cavity was in contact or 
adherent to the anterior parietal pleura, a pre- 
liminary anterior stage thoracoplasty was carried 
out prior to the introduction of cavity drainage. 
All cavity drainage cases were subjected to an 
upper stage thoracoplasty as soon as was possible 
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Fig. 14. a, left, Specimen of lung with unhealed cavity. 
Catheter in place. b, above, Microscopic section taken 
from cavity wall, 6 weeks after starting intracavitary 
suction drainage. Note the marked pericavitary hyper- 
emia and the apparent absence of destructive tuberculous 
processes. 


following the closure of the cavity by suction 
drainage. In this series there were 22 cavities in 
which the pressures were negative or atmospheric. 
In all of these cavities posterior thoracoplasty was 
carried out. Transthoracic intracavitary suction 
drainage has not been carried out on the atmos- 
pheric or negative pressure type of cavity. There 
were 29 cases of unilateral disease and 25 cases of 
bilateral disease (Table I). It will be noticed that 
in this table the honeycomb type of cavity, which 
is too small to be needled, has been treated by 
thoracoplasty (10 cases). We are of the opinion 
that in cases in which there are honeycomb cavi- 
ties they are most likely to have patent bronchi; 
otherwise they would inflate and form one or two 
large cavities. 

The size of the cavities needled and treated in 
this series ranged from 2.5 by 2 centimeters to 11 
by 8 centimeters. The average was approximately 
4 by 5 centimeters. 

Location of cavities. All those cavities which 
have had transthoracic intracavitary drainage 
were located at the apex. We have not attempted 
to drain hilar or basal cavities. In all cases the 
cavity is not considered to be closed unless so 
proved by tomogram x-ray. We have divided our 
cases into those which are still under treatment 
and those which have completed treatment (sce 
Table I) and have further subdivided our results 
into those cases under treatment for less than 3 
months and those which have been treated for 3 
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Fig. 15. 


Unilateral single negative pressure cavity. a, left, Before treatment; b, 


after three stage thoracoplasty; cavity closed. 


months or more. A total of 27 positive pressure 
cavities have been treated with transthoracic in- 
tracavitary drainage, 15 of which are still under 
treatment, and the end-result has not been con- 
sidered although 5 have converted their sputum 
and 6 have a negative catheter drainage. Of the 
11 patients treated for 3 months or more, 9 have 


converted their sputum; in the 2 others the posi- 
tive sputum is considered to be from a source 
other than the cavity under aspiration. Seven 
cavities have been closed, including complete 
healing of the fistula tract and disappearance of 
tubercle bacilli from the sputum. The 4 remain- 
ing have been reduced in size to a fistulous tract. 
There are no tubercle bacilli in the discharge. We 
have treated 30 nontension cavities by thoraco- 
plasty alone. Five of these have been under treat- 
ment for less than 3 months and 3 have converted 
their sputum. It is too early to consider whether 
or not the cavities are closed. Of the 25 remaining 
cases which have been under treatment for 3 
months or more, 24 have definitely converted 
their sputum and closed their cavities. In the 
twenty-fifth case the positive sputum is known to 
he coming from a lesion on the contralateral side. 
Thus, by estimating intracavitary pressure before 
instituting collapse therapy and using suction 
drainage for tension cavities and thoracoplasty for 
negative or atmospheric cavities, the percentage 
of closure of tension cavities is 67 per cent, whereas 
that for nontension pressure cavities is gt percent. 

Perhaps the most striking feature of trans- 
thoracic intracavitary drainage of a tension cav- 


ity, aside from its rapid shrinkage, is the rather re- 
markable improvement in the patient’s general 
condition. In all of our cases except one, shortly 
after the commencement of drainage there was a 
decrease in pulse rate, improvement in color and 
appetite, and a general decrease in signs of toxe- 
mia. Over a period of weeks there was usually a 
steady increase in weight. 

Complications. We have had no true complica- 
tions which resulted from introduction of a cath- 
eter into the cavity. 

Residual cavities. There were 5 residual cav- 
ities, 4 unilateral and 1 bilateral. Of these, 3 were 
needled and were found to have highly positive 
pressures. Of the unilateral cases, 4 in number, 2 
cavities were packed extrapleurally with excellent 
results—conversion of the sputum and closure of 
the cavity. Two had transthoracic intracavitary 
drainage and are still under treatment; both spu- 
tum and catheter drainage remain positive. In 
the case of bilateral residual cavities, a catheter 
was introduced into the cavity on one side; con- 
tinuous suction drainage was maintained for a 
period of 4 weeks, at the end of which time the pa- 
tient died of a psychosis. 

Deaths. There have been no deaths immediate 
or postoperative from transthoracic intracavitary 
drainage. In this series we have had 5 deaths— 
1 has been described under residual cavities. Of 
the 4 remaining, 3 patients had bilateral disease; 
2 of these had bilateral cavitations. One died of 
kidney failure secondary to a blood transfusion 
reaction. This patient had received cavity drain- 
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Fig. 16. Unilateral single tension cavity, treated successfully by combination of 
cavity drainage and selective thoracoplasty (Case 2). a, Before treatment; b, treat- 
ment commenced, catheter in place; c, 2 weeks later: cavity almost disappeared; d, 1 


year later: cavity closed. 


age with subsequent closure of the cavity drained. 
The intracavitary drainage was supplemented by 
a thoracoplasty. At autopsy there was no macro- 
scopic or microscopic evidence of the original cav- 
ity. The second patient, a case of bilateral apical 
cavitation, positive cavity on the right and a neg- 
ative cavity on the left, received a five rib upper 
stage thoracoplasty on the left and transthoracic 
intracavitary drainage on the right, followed by a 
three rib thoracoplasty. Her sputum converted 
and both cavities were closed. Her death was 
accidental and occurred due to the aspiration of a 
foreign body. At autopsy both cavities were 
shown to be well healed by scar tissue (see x-ray 
and photograph of specimen, Case 6). The third 
death occurred 3 weeks after an anterior stage 
thoracoplasty performed on a patient who had 
previously had a seven rib thoracoplasty on the 
opposite side. The death appeared to be due to 
circulatory failure. No autopsy was obtained. 
The one death perhaps associated with trans- 


thoracic intracavitary suction drainage occurred 
during the process of treatment. A right sided 
tension apical cavity was drained. Six weeks after 
intracavitary suction drainage had been com- 
menced, in spite of the fact that the cavity was 
remarkably reduced in size, the catheter drainage 
was negative for tubercle bacilli, and the sputum 
had converted, the patient developed tuberculous 
meningitis and died within 2 weeks. At autopsy 
the cavity was found to be reduced in size, the 
walls of the cavity had been cleansed of diseased 
tissue, and were smooth and glistening in appear- 
ance. Sections taken from the wall of the cavity 
failed to reveal areas of necrosis and showed an 
unusual pericavitary hyperemia (see Fig. 14). 
CASE REPORTS 

The following case histories are illustrative of 

the various types of tension and nontension Cavi- 


ties which have been cared for under our super- 
vision. 
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Fig. 17. Unilateral tension cavity with honeycombing on same side. 


d 
(Case 3). 


Drainage of tension cavity preceded by anterior stage and followed by 3 stage pos- 


terior thoracoplasty. 


Case 1. Unilateral disease, atmospheric or nontension 
single cavity, of which there were 8. Male, aged 27 years, 
was admitted to Grace Dart Home Hospital, February 7, 
1942. Hospital No. 3688. Onset of disease, November, 
1941. Diagnosis on admission: moderately advanced 
tuberculosis of the right lung with giant cavity measuring 
5 by © centimeters and showing a fluid level. The sputum 
was Gaffky III, vital capacity 3.7 liters. On March 17, 
1942, the cavity was needled and the pressures were found 
to be minus five, minus three. No evidence was found of a 
positive pressure cavity. On April 2, 1942, a three stage, 
eight rib thoracoplasty of the right side was commenced 
and finished on May 5, 1942. The sputum became Gaffky I 
after the first stage and negative following the second; it 
has continued to be negative ever since. November 12, 
1942, a tomogram x-ray showed no evidence of a residual 
cavity (Fig. 15). 

CasE 2. Single female, aged 26 years, was admitted to 
Grace Dart Home Hospital on September 10, 1940. Onset 
of disease in June, 1937. Right pneumothorax was com- 
menced in February, 1938 but was discontinued after 2 


months. Diagnosis on admission: right sided pulmonary 
tuberculosis with giant cavity measuring 11 by 8 centi- 
meters in the upper half of the lung, with scattered shadow 
in the lower half and above the second rib anteriorly, on the 
left side. Sputum was Gaffky V. On January 22, 1941, in- 
tracavitary pressure readings were taken and found to be 
minus one, plus five. Transthoracic intracavitary suction 
drainage was commenced immediately. The sputum be- 
came negative 1 week after suction was started and the 
catheter specimen became negative on May 10, 1941. The 
cavity quickly reduced in size and by July, 1941, was no 
longer to be seen. The tube was removed and the sinus 
closed almost immediately afterward. In November, 1941, 
a tomogram showed the cavity to be open, irregularly 
shaped, and about 1 centimeter in diameter. A two stage 
upper thoracoplasty was started on November 25, and 
completed on December 17. Repeated x-ray and sputum 
examinations have failed to show any further activity of 
the disease. At the present time the patient is working. 
The cavity has remained closed and the sputum negative 
(Fig. 16). 
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Fig. 18. Bilateral disease with single negative pressure cavity (Case 4). a, Before 
treatment; b, after first stage thoracoplasty, cavity markedly reduced in size; c, 
after second stage, cavity is a vertical slit; d, after third stage, cavity closed. 


Case 3. Unilateral disease, honeycomb cavities with 
large tension cavity, of which there are 3. Male, aged 33 
years, was admitted to the Grace Dart Home Hospital, 
July 15, 1941. Onset of disease was in September, 1940. 
Diagnosis on admission: pulmonary tuberculosis, right 
lung with several cavitations in the apex. The sputum 
showed Gaffky VI. There was marked toxemia and an 
inefficient pneumothorax on the right side which was 
allowed slowly to absorb. On January 12, 1942, it had 
completely disappeared, revealing a cavity in the right 
apex of about 10 by 4 centimeters, and a second cavity of 
3 by 2 centimeters.in the periphery of the right lung field. 
The two cavities did not communicate (Fig. 17). On 
January 29, 1942, the intracavitary pressures were obtained 
by needling and found to be zero, plus four. An anterior 
stage thoracoplasty was performed and approximately 3 
months later, on April 2, transthoracic intracavitary suc- 
tion drainage was commenced. At that time sputum was 
Gaffky IV, and intracavitary pressures were zero, plus 
three, on quiet respiration. The cavity became progres- 
sively smaller, the general condition of the patient mark- 
edly improved, and on June 1, 1942, a phrenic crush was 
done on the right side and cavity drainage, which was 
positive, became negative consistently on May 29, 1942. 
Sputum turned negative on October 23, 1942. A tomogram 
taken November 12, 1942, showed almost complete con- 


solidation of the remaining portions of the right lung field 
with the draining tube in place. The cavity was completely 
collapsed around the catheter. There was still some 
residual cavitation in the upper and middle lobes which 
was separate from the cavity undergoing drainage. Poste- 
rior stage thoracoplasty was commenced February 3, 1943, 
with drainage tube still in place. There was very little 
discharge from the sinus and it closed within 2 weeks after 
its removal. Tomogram on March 25, 1943, failed to show 
evidence of the residual drained cavity but suggested 
multiple excavations or tuberculous bronchiectases 
throughout the right lung. A second stage thoracoplasty 
was done on April 14, 1943, a third stage 3 weeks later. 
Patient is doing well and about to be discharged. Cavity 
closed (tomogram). 

Case 4. Bilateral disease, with single cavity, of which 
there are 8 cases. Mrs. V. C., aged 26 years, was admitted 
to Grace Dart Home Hospital, May 20, 1941. Onset of 
disease, September, 1940. A left pneumothorax was com- 


-menced in that month. Diagnosis on admission: bilateral 


pulmonary tuberculosis with pneumothorax and adhesions 
at left with fluid. The vital capacity was 900 cubic centi- 
meters and the sputum showed a Gafiky V. The left pneu- 
mothorax was abandoned and the lung was completely re- 
expanded by January, 1942. A cavity of 3.5 by 4.5 centi- 
meters was seen, which showed pressures of minus five, 
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Fig. 19. Bilateral disease, single tension cavity treated by intracavitary suction 
drainage and thoracoplasty (Case 5). a and b, Catheter in cavity; c, cavity closed 
—suction discontinued; d, after upper stage thoracoplasty. 


minus three upon needling. On January 26, 1942, an upper 
stage left sided thoracoplasty was performed. Note in the 
x-ray reproduction how the cavity has become consider- 
ably smaller, but elongated, measuring 2.5 by 6 centi- 
meters (Fig. 18). A second stage with removal of 4th, 
5th, and 6th ribs was conducted on February 9, 1042. 
Sputum became negative on February 21, 1942. The 
cavity had collapsed to 6 centimeters by 8 millimeters. On 
February 27 the 7th and 8th ribs were removed. X-ray 
pictures taken after this stage showed no cavity. Tomo- 
gram, August 13, 1942, showed no evidence of residuai 
cavity. Sputum has been negative since operation. 

Case 5. Bilateral disease, tension cavity. Ten similar 
cases have been treated. Hospital No. 3531, male, aged 
32 years, was admitted to Grace Dart Home Hospita!, 
January 9, 1941. Onset of disease, September, 1940. A 
left pneumothorax was induced in January, 1941. On ad- 
mission, diagnosis was bilateral pulmonary tuberculosis, 
far advanced. Sputum was Gafiky III and there was an 
inefficient left sided pneumothorax. Vital- capacity was 
1.8 liters. The pneumothorax was abandoned May 10, 
1941. Needling of the cavity was attempted, but a free 
pleural space was encountered. Blood was injected into 


the pleural space which did not obliterate until August, 
1941. Intracavitary suction drainage was commenced on 
March 11, 1942. At that time pressures were plus three, 
plus nine. The discharge which at the beginning was 
thick slowly became thin. Suction pressure was started 
with 2 centimeiers of water and by July 19, 1942, had been 
increased to 3 centimeters of mercury. On April 24, 1943, 
a left phrenic crush was done to check a slight hemoptysis 
from a second cavity nearby. The cavity reduced greatly 
in size and the amount of discharge became less. August, 
1942, showed that the cavity had been reduced to the size 
of a tube but had not quite completely disappeared. On 
October 2, 1942, and on October 23, 1942, a 6 rib upper 
stage posterior thoracoplasty was performed. The catheter 
was withdrawn before the first stage; the sinus is now 
closed. The cavity which was drained by transthoracic 
intracavitary suction drainage in April, 1943, was shown 
to be closed; there was, however, a small residual cavity 
below the original cavity treated (Fig. 19). 

Case 6. Bilateral disease, tension and nontension 
cavities on opposite sides. Hospital No. 3300, female, aged 
34 years, was admitted to Grace Dart Home Hospital on 
May 16, 1939. Onset, left sided pleurisy in 1926; right 
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sided pleurisy with effusion in 1927. Acute onset of present 
disease in 1937 with polyarthritis, erythema nodosum, 
expectoration, night sweats, blood tinged sputum, fever 
and chills. Diagnosis on admission: bilateral pulmonary 
tuberculosis with cavity about 4 centimeters in diameter 


Fig. 20. Bilateral apical ca- 
vities (Case 6): tension cavity, 
right; nontension cavity, left. a, 
Before treatment; b, right: in- 
tracavitary suction drainage 
with disappearance of cavity; 
c, left: upper stage 5 rib thora- 
coplasty; d, autopsy specimen . 
showing catheter in sinus track 
going through chest wall with 
tip buried in scar tissue; S, skin, 
R, 1st rib; C, cartilage of second 
rib; P, obliterated pleura; S.7., 
scar tissue; e, obliteration of 
draining bronchus (serial sec- 
tion of specimen d, high power 
magnification); f, microscopic 
cavity, left apex, surrounded 
by scar tissue; no evidence of 
bronchus in serial sections 
(magn. I: 10). 


at the right and a large cavity at the left apex. Vital 
capacity was 1.8 liters. In July, 1939, pneumothorax was 
attempted bilaterally and failed. On March 12, 1941, the 
right cavity was needled and found to have a positive 
pressure. Transthoracic intracavitary drainage was com- 
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Fig. 21. Residual tension cavity, treated by intracavitary suction drainage (Case 
6). a, Giant cavity; b, multiple stage thoracoplasty, failing to collapse cavity; c, 
catheter in residual cavity; d, reduction in cavity size. 


menced and by September 12, 1941, catheter specimen be- 
came negative but sputum always remained positive, 
Gaffky IV or V, apparently coming from the other side. 
A tomogram of the right apex in January, 1942, showed that 
the cavity was reduced practically to the size of a tube. 
‘The cavity on the left side was still present. In April, 1942, 
the cavity in the left apex was needled and found to have 
negative pressures. An upper stage, left sided thoraco- 
plasty was commenced in April and concluded by May 
20 with removal of the upper 5 ribs. Sputum became 
negative in October, 1942, and stayed negative. On 
March 10, 1943, with a drainage catheter still in position, 
the upper three ribs were removed on the right side poste- 
riorly. Shortly after the operation, by accident, the patient 
aspirated in a great amount of fluid into her lungs while 


vomiting. The vomitus was removed immediately and 
oxygen was given; the patient recovered but died 2 weeks 
later due to an aspiration bronchopneumonia. Autopsy 
showed a complete consolidation of the right apex with 
complete obstruction of the draining bronchus. The lower 
parts of both lungs were atelectatic and there was evidence 
of blocking of the lower bronchi. No active lesion was seen 
in the entire lung on either side. At the left apex, there was 
no macroscopic evidence of cavity or disease. There was 
only scarred tissue. (See Fig. 20: x-ray picture and photo- 
graphs of pathological specimens.) 

Case 7. Residual cavity, of which we have had 3 treated 
by transthoracic intracavitary suction drainage. H. S., 
male, 30 years of age, was admitted to the Grace Dart 
Home Hospital September 16, 1941. History of onset, 
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1938, thoracoplasty, upper eight ribs posterior on the right 
side in 1939 followed by a phrenectomy in 1940. Condi- 
tion on admission, sputum Gaffky III, general condition 
good. Diagnosis on admission, giant residual apical cavity 
on the right, with old thoracoplasty. On October 15, 1941, 
a partial Schede operation was performed and the parietal 
pleura over the cavity was exposed. The lumen of the 
cavity could be felt, an exploratory needle was inserted, 
and pressure readings of plus one, plus eleven were ob- 
tained. An extrapleural pack was placed in situ to com- 
press the cavity against the vertebrae; the pack was 
changed twice and finally broke into the cavity. A rubber 
catheter was placed within the cavity and suction drainage 
instituted. There has been improvement, with diminution 
of the size of the cavity since the commencement of intra- 
cavitary suction drainage and a great reduction in the 
amount of sputum. The sputum and catheter drainage are 
still positive (Fig. 21). 


ANALYSIS OF STUDY 


Type of pat ent. Comparison of results obtained 
by other workers using different techniques and 
treating patients having a different tvpe of dis- 
ease is somewhat difficult. Very few, if any, au- 
thors present a detailed picture of the extent and 
stage of the disease of the patients under treat- 
ment. Differences in types of disease may explain 
in part some of the differences in results. For ex- 
ample, Maxwell and Kohnstamm (29) report that 
two-thirds of their drainage cases show a free 
pleural space. In our own experience, of 70 cases, 
we encountered 14 free pleural spaces. This com- 
paratively low incidence may be due to the fact 
that at the Grace Dart Home Hospital pneumo- 
thorax is always attempted first as a collapse 
measure; other methods of collapse are considered 
only when pneumothorax is inefficient. In study- 
ing the literature and examining reports of other 
workers, we have been impressed by the few who 
have studied intracavitary pressures. This fail- 
ure to appreciate the importance of the tension 
cavity, as first outlined by Coryllos (9, 10), may 
account for the great number of failures with 
transthoracic intracavitary drainage which are 
reported by so many workers. It would seem that 
by far the great majority, including Monaldi and 
his associates, for the most part drained any large 
cavity regardless of the intracavitary pressure 
conditions. We have had no experience with the 
drainage of atmospheric or negative pressure cav- 
ities. Our results with thoracoplasty in this type 
of cavity have been so satisfactory that we have 
hesitated to attempt a new procedure under con- 
ditions with which we are not familiar. We find it 
difficult to understand the reasoning of Maxwell 
and Kohnstamm, who are of the opinion that 
there is no constant relationship between the in- 
tracavitary pressure and the response of cavities 
to drainage. This view is at great variance with 


many workers such as Coryllos, Eloesser, Vineberg 
and Kunstler, and others. 

Diagnosis of types of cavities. There are those 
who maintain that a thickened x-ray shadow sur- 
rounding a cavity is indicative of a rigid cavity 
wall. There are others, however, who maintain 
that a thickened cavity wall due to fibrosis is ex- 
tremely rare, that it is more commonly caused by 
atelectasis and exudation, which is reversible ac- 
cording to the views of Monaldi. As we have 
stated previously, an x-ray diagnosis of a tension 
cavity cannot be made with accuracy nor can 
x-ray examination determine the presence of 
fibrosis as against atelectasis and exudative proc- 
esses. We agree with Monaldi and his coworkers 
that most, if not all, cavities, if properly treated, 
have walls which are sufficiently flexible to permit 
of their collapse. 

Technique of transthorac’c cavity suction drain- 
age—(a) Pressure readings, (b) intracavitary 
transthoracic drainage, (c) suction. There are 
reported in the literature a great number of com- 
plications and unfortunate accidents following 
cavity drainage. For example, in 330 cases treated 
by Monaldi and quoted by Kupka there was 1 
death at the time of puncture, 1 hemorrhage after 
puncture of the cavity, 1 septic empyema, 3 tuber- 
culous empyemas, 3 pleural effusions, one sponta- 
neous pneumothorax. Another group of workers, 
Goldman, Brunn and Ackerman report that in 18 
cases, with a total of 20 cavities, there were 2 
deaths from tension pneumothorax and empyema. 
and 1 death from tuberculous pericarditis. Like- 
wise, Davidson reported 8 cases of intracavitary 
drainage; of the 8, 1 died within 6 days of wound 
infection following a thoracoplasty, 1 died several 
weeks following insertion of the catheter from 
hemorrhage, and 1 patient had severe hemorrhage 
of an intercostal vessel requiring that the suction 
drainage be discontinued. It might be well to 
point out here that Davidson made use of a metal 
cannula which was constantly kept within the 
cavity and was probably responsible for the hem- 
orrhage. In 150 instances of cavity needling there 
has not been one severe hemorrhage or contamina- 
tion of pleural space, air embolism, or persistent 
sinus tract. With regard to transthoracic intra- 
cavitary drainage, there has been no case of hem- 
orrhage, empyema, air embolism, tension pneu- 
mothorax in a total of 27 cases. The technique, as 
worked out by the authors, should obviate any of 
the above complications. In cavity needling, the 
needle goes through the pleura at the exact point 
which is known to be adherent and not to have a 
free pleural space. The exploratory needle is in- 
serted directly through the initial pneumothorax 
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TABLE II 


Cavity pressure 


Sputum Catheter Percentages 


Treatment 
Positive | Negative 


drainage of cavity 


converted negative closure 


Intracavitary drainage with or without 
thoracoplasty— 
Under 3 months 


Over 3 months 


Thoracoplasty alone— 
Under 3 months 


Over 3 months 


Totals 54 24 


*Not considered. 
**In 4 cases the positive sputum is coming from another source. 
tPositive sputum is coming from disease on the contralateral side. 


needle. Prior to intracavitary drainage we are 
most careful to be certain that there is a wide area 
of pleural symphysis surrounding the prospective 
point of puncture. Hemorrhage and air embolism 
are avoided by needling carefully around the orig- 
inal needle shaft in order to pick up any blood ves- 
sels which might have been missed by the explor- 
ing needle and which would not be missed by an 
entering cannula many sizes larger. 

We try to avoid air embolism in two ways: one 
is the use of the electrocoagulating current which 
is applied to the shaft of the exploring needle 
and subsequently to each cannula as it is inserted 
through the chest wall into the cavity of the 
lung; the other is the use of a saline filled syringe, 
when an exploring needle is used to enter a cavity 
lumen. 

Suction. The suction first advocated, and we 
believe still advocated, by the Monaldi school is 
that of intermittent two bottle type of suction; in 
fact, Monaldi apparently was adverse to using 
continuous and strong suction. This view is also 
held by many others and may account for some of 
the rather indifferent results of cavity closure 
which have been obtained by intracavitary suc- 
tion. A tension cavity is largely of mechanical 
origin and the cure must be partly on a mechani- 
cal basis. The amount of air which will enter a 
cavity and be trapped therein will depend upon 
the diameter of the valvular bronchus. A two 
bottle system, such as used by many, may have 
sufficient aspirating power to take care of small 
valvular bronchi, but will certainly not be suffi- 
ciently powerful to maintain atmospheric or 
slightly negative pressures in a positive pressure 
cavity where there is a large bronchus with a val- 
vular mechanism. For this reason, we employ 
continuous strong water suction. This has been 
criticized as being harmful; such criticism is not 
valid. A pressure check valve is inserted in the cir- 


cuit and can be set so as to control pressures as 
low as a few centimeters of water to 6 or 8 centi- 
meters of mercury. When the suction pump is 
located in the cellar, such as it is in the Grace 
Dart Home Hospital, the objection with regard to 
noise no longer holds. 


CONCLUSION 


It will be noted from Table II that in a total of 
54 cases, 24 of which had tension cavities treated 
by transthoracic intracavitary drainage and sup- 
plemented by thoracoplasty, there was a 67 per 
cent closure of the cavities. Of the 30 nontension 
cavities, treated by thoracoplasty alone, those 
which were treated for more than 3 months 
showed a gt per cent closure of the cavities. In 
other institutions in which thoracoplasties have 
been done over a period of years, a certain per- 
centage of cavities have failed to close regardless 
of how extensive was the thoracoplasty collapse. 
In our series there are 4 residual cavities from 
thoracoplasties which had been done elsewhere 
and transferred to our institution, and 1 which 
was operated upon in our own institution prior to 
our needling of cavities. We were able to show 
positive pressures in 3 of the 5 residual cavity 
cases which we feel is somewhat presumptive evi- 
dence that perhaps the residual cavity was origi- 
nally a tension cavity prior to its collapse by 
thoracoplasty. In conclusion we suggest that a 
rational logical basis for treating tuberculous pul- 
monary cavities be established, and that all meth- 
ods of collapse therapy be used according to the 
type of case and cavity. Cavities having posi- 
tive pressure or so called tension cavities should 
first be reduced in size by transthoracic intracavi- 
tary drainage. In so doing large cavities can be 
healed when cavity drainage is supplemented by 
thoracoplasty. If the cavity is brought down to 
the size of a catheter the extent of thoracoplasty 
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needed rarely exceeds more than five ribs; thus it 
is possible to close large tension cavities with a 
minimum destruction of normal lung parenchyma. 
In those large apical cavities in which the cavity 
has reached the parietal pleura, a relaxing anterior 
stage thoracoplasty can be done to advantage 
prior to the transthoracic intracavitary drainage 
procedure. The aim of every thoracic surgeon 
should be to try to conserve healthy pulmonary 
tissue. The closure of a large cavity at the ex- 
pense of an entire lung is a most costly procedure 
to the patient’s respiratory economy and should 
be avoided whenever possible. 


SUMMARY 


1. A large percentage of pulmonary tubercu- 
lous cavities are “tension cavities” and rarely 
close with thoracoplasty. 

2. Some residual cavities are “tension cavi- 
ties” which are unaffected by thoracoplasty. 

. The detection of “tension cavities” can be 
made only by needling of the cavity and recording 
of the intracavitary pressures. 

4. Transthoracic intracavitary suction drain- 
age is recommended only for use in “tension 
cavities.” 

5. A new technique and instruments for nee- 
dling and draining “tension cavities” are de- 
scribed. 

6. In 150 instances, cavities were needled and 
27 Cavities were drained without a single compli- 
cation of hemorrhage, pleural empyema, sponta- 
neous pneumothorax, or air embolism. 

7. Intracavitary suction drainage will reduce 
large “tension cavities” to the size of a catheter; 
to obtain permanent closure a partial thoraco- 
plasty is essential. 

8. In giant positive pressure cavities anterior 
stage thoracoplasty precedes suction drainage and 
the latter is followed by posterior stage thora- 
coplasty. 

9. Negative pressure giant cavities close read- 
ily with thoracoplasty. 

10. By the use of a combination of transtho- 
racic intracavitary suction drainage and thoraco- 
plasty in the treatment of “tension cavities” the 
ideal of collapse therapy is attained, namely, a 
maximum collapse of diseased areas with a mini- 
mum of damage to normal lung parenchyma. 
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FURTHER OBSERVATIONS ON SURGERY OF THE 
LARGE ARTERIES 


EMILE HOLMAN, M.D., F.A.C.S., Commander, M.C., U.S.N.R., San Francisco, California 


I. A NEW PRINCIPLE IN THE LIGATION OF 
LARGE VESSELS 


ERTAIN anatomical features of the 
brachial and superficial femoral ves- 
sels contribute to the greater inci- 
dence of gangrene following ligation of 

the brachial and popliteal vessels. Due to the 
paucity of large branches in the mid-arm, 
ligation of the distal part of the brachial artery 
just proximal to the inferior collateral ulnar 
artery introduces a large, more or less stag- 
nant reservoir or blind segment into the circu- 
latory bed. The purposeless expansion of such 
a blind segment with each pulse beat serves to 
absorb or dissipate the force of each arterial 
pulsation, thus reducing materially the effec- 
tiveness of such pulsation in opening up larger 
and more adequate collateral branches such as 
the superior ulnar collateral artery. 

Similar conditions prevail following _—e 
of the distal part of the superficial femoral 
artery or of the popliteal artery. Ligation of 
the superficial femoral artery just beyond the 
emergence of the deep femoral artery rarely 
precipitates gangrene due to the adequacy of 
the collateral circulation provided by the 
opening up or expansion of the deep femoral 
artery and its branches. However, as ligation 
of the superficial femoral artery is performed 
farther and farther distal to the emergence of 
this deep femoral branch, there is introduced 
into the circulatory bed by such ligation a 
longer and longer blind or stagnant segment 
practically devoid of any significant branches. 
Such a blind segment is capable of absorbing 
the force of each pulsation and dissipating its 
effectiveness in expanding the deep femoral 
artery adequately enough to prevent gangrene. 
Anatomically conditions remain the same, the 
deep femoral artery is there capable of expan- 

The opinions contained herein are the private ones of the 
writer and are not to be construed as official or reflecting the 
views of the Navy Department or the Naval Service at large. 


Dr. Holman was formerly Chief Surgeon, Mare Island Naval 
Hospital. 


sion, but in addition there is a stagnant seg- 
ment between the deep femoral branch and 
the ligation which absorbs the force so neces- 
sary for the opening up and expansion of the 
collateral vessels. 

As evidence of the possible impairment to 
the development of collateral circulation im- 
posed by such a blind segment, the following 
experiments were carried out: 

Experiment 1. Under intravenous nembutal 
anesthesia the external iliac and femoral ves- 
sels of a 12 kilogram animal (dog) were ex- 
posed. The deep femoral branch was cannu- 
lated (Figs. 1 and 2) and connected with a 
mercury manometer which recorded the blood 
pressure on a revolving kymograph. Several 
small branches of the femoral artery were 
ligated, thus providing a branchless segment 
PD about 14 centimeters long. The mean 
arterial pressure as recorded in the deep femo- 
ral artery was found to be 100 millimeters of 
mercury. Clamping the femoral artery at D 
(Fig. 1) raised the pressure to 106 millimeters 
of mercury, but on clamping the artery at P 
(Fig. 2) thus eliminating the blind stagnant 
segment between P and D, the pressure rose to 
112 millimeters of mercury (Fig. 3). These 
pressure changes are all the more significant 
because of the obvious limitations of such an 
apparatus—due to the lag and inertia of its 
various parts—for recording accurately pres- 
sure changes of such small degree. 

The experiment was repeated on several oc- 
casions, and confirmatory evidence obtained, 
although not always were the pressure changes 
as pronounced. 

Experiment 2. Acannula was introduced into 
the left subclavian artery, and a segment of 
the thoracic aorta about 15 centimeters long 
isolated by division of its intercostal branches. 
Clamping the aorta just beyond the cannu- 
lated subclavian artery caused a rise in mean 
arterial pressure from 66 millimeters of mer- 
cury to 148 millimeters of mercury, but clamp- 
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Fig. 1. Experiment 1. Exposure of femoral artery in 
a dog. Cannulization of the deep femoral branch for record- 
ing arterial pressure. When the clamp was applied at D, 
the arterial pressure rose from 100 to 106 millimeters of 
mercury. 


Fig. 3. Experiment 1. Kymographic record of increase 
in blood pressure (1) on clamping femoral artery at D and 
(2) at P; with a decrease in pressure on removing clamp at 
P' and a further decrease on removing clamp at D! (see 
Figs. 1 and 2). 
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Fig. 2. Experiment 1. When femoral artery was clamped 


at P, thus eliminating the blind segment PD, arterial pres- 
sure was increased from 100 to 112 millimeters of mercury, 
thus doubling the increase in pressure produced by clamp- 
ing the artery at D. 


ing the thoracic aorta 15 centimeters beyond 
the subclavian artery caused a rise from 66 
millimeters of mercury to 134 millimeters of 
mercury, thus demonstrating again a disper- 
sion and loss of arterial pressure in the pur- 
poseless distention of the blind segment of 
the aorta. 

The problem was approached from a second 
point of view: 

Experiment 3. The iliac and femoral vessels 
in a 12 kilogram animal were isolated for about 
20 centimeters. The first large distal branch, 
namely, the deep femoral artery, was cannu- 
lated for recording blood pressure. The mean 
arterial pressure was found to be 140 milli- 
meters of mercury. A permanent ligature was 
applied at P (Fig. 4) resulting in an immedi- 
ate drop in pressure in the cannulated artery 
to 80 millimeters of mercury which repre- 
sented the arterial pressure in the collateral 
circulation. A clamp was applied at D (Fig. 5) 
resulting in an immediate rise in pressure from 
80 millimeters of mercury to go millimeters of 
mercury (Fig. 6). It is apparent that a signifi- 
cant part of the collateral arterial pressure was 
dispersed or dissipated in purposeless disten- 
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Fig. 4. Experiment 3. Iliac and femoral arteries iso- 
lated and cannula introduced into deep femoral branch for 
recording arterial pressure. Application of a permanent 
ligature at P reduced the arterial pressure at D to 80 
millimeters of mercury. 


tion of the blind or stagnant segment PD. 
Elimination of this blind segment from the 
circulatory bed resulted in increasing mate- 
rially the pressure available from the collateral 
circulation for filling and distending the arte- 
rial bed beyond the ligated artery. Consider- 
ing the mechanical inefficiency of the appara- 
tus for recording blood pressure—due to lag 
and inertia—these differences in pressure were 
probably even greater than were recorded on 
the kymograph. 

We may deduce from these experimental 
observations: 

1. That a large artery should be ligated 
preferably just distal to a large collateral 
branch so that the full force of the arterial 
pulsation in the main ligated artery is directed 
into this large branch. A long segment with 
small inadequate branches lying between the 
ligature and the first large branch must be 
avoided in order that arterial pulsation is not 
dissipated in purposeless distention of this 
segment and of its small inadequate branches. 

2. That the distal ligature of a divided ar- 
tery should be placed just proximal to a large 
collateral branch. To have a blind segment be- 
tween the ligature and this collateral branch is 


Fig. 5. Experiment 3. The application of a clamp on 
the femoral artery at D resulted in an increase in arterial 
pressure from 80 to go millimeters of mercury by eliminat- 
ing the loss of pressure through purposeless distention of 
the blind segment DP. 


inviting dispersion of arterial pulsation in the 
purposeless distention of this segment when 
such arterial pressure were better directed to 
the distention of distal vessels. 


Fig. 6. Experiment 3. Kymographic record of the in- 
crease in collateral arterial pressure by application of clamp 
at D and D! (see Figs. 4 and 5), and reduction in pressure 
when the segment DP was open. 
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As an example of the application of these 
principles, the following clinical experience is 
presented: 


CasE 1. G. W. S., a 29 year old shipfitter, was 
struck by a sharp sheet of steel on the medial aspect 
of the left upper arm on August 20, 1942. He noted 
some local swelling and discoloration just above the 
elbow, but this disappeared, to be followed about 4 
weeks later by the development of a small pulsating 
lump at the site of injury. This gradually increased 
in size and after another month had passed, he ex- 
perienced paresthesias in the peripheral distribution 
of the median and ulnar nerves. In the meantime, 
he was transferred to Alaska, where he was prac- 
tically incapacitated by the cold weather which 
made his left hand feel numb and much colder than 
the right. On November 22, 1942, there was de- 
scribed in his service record a pulsating tumor about 
3 centimeters in diameter lying just above the medial 
epicondyle of the left humerus. Pressure on the 
brachial artery above the tumor caused it to disap- 
pear. The Kahn test was negative. 

He was admitted to Mare Island Naval Hospital 
on January 27, 1943, with the conditions described 
unchanged (Fig. 7). Pressure above the expansile 
tumor caused the tumor and the radial pulse to 
disappear, accompanied by a bluish discoloration 
and a feeling of numbness and coldness of the hand. 
There was no thrill nor bruit over the tumor. Blood 
pressure in the right brachial artery was 108/80, in 
the left brachial artery 108/82. 

Because of the obvious evidence of impaired cir- 
culation in the hand on compressing the brachial 
artery, the patient was instructed to spend 15 min- 
utes of every hour during the day in shutting off the 
brachial artery above the aneurysm by compressing 
the vessel against the humerus. Gradually the 
paresthesias disappeared and he was operated upon 
on February 25. Under local anesthesia, the brachial 
artery was exposed proximal to the pulsating mass 
by displacing the biceps muscle laterally and the 
overlying median nerve medially. The aneurysmal 
sac was a fusiform dilatation without connection 
with the brachial venae comites which coursed along 
both sides of the aneurysm. They were displaced by 
sharp dissection and not tied. The brachial artery 
was isolated proximal to the dilatation for about 7 
centimeters, two small inconsequential branches be- 
ing ligated. Just beyond the lower border of the 
teres major muscle a large posterolateral branch, the 
superior ulnar collateral, was encountered, and a 
clamp was placed on the artery just distal to it. 
Despite this proximal closure of the artery, pulsa- 
tion in the sac could still be observed, indicating an 
effective collateral circulation (Henle-Coenen phe- 
nomenon). 

The sac was isolated and distally it was found that 
a large branch, the ulnar inferior collateral, left the 
vessel just beyond the sac. The brachial artery was 
tied with silk just proximal to this branch, and the 
aneurysm and about 6 centimeters of the normal 


proximal brachial artery were excised. Good pulsa- 
tion was observed in the distal stump. When this 
so called Henle-Coenen phenomenon is observed, 
one need have no fear as to the adequacy of the col- 
lateral circulation, and the accompanying vein or 
veins need not be ligated. The hand was warm and 
pink, and all movements were possible in the muscles 
of the elbow, wrist, and fingers. The proximal stump 
was doubly ligated with silk. Subcutaneous tissue 
and skin were closed with interrupted silk sutures 
without drainage. A flat dressing was applied, kept 
in place by adhesive strapping, and did not encircle 
the arm. Encircling bandages or adhesive must 
never be applied to an extremity whose main vessel 
has been ligated, because of the danger of closing 
small collateral vessels coursing through compressi- 
ble muscle masses. 


After the operation, the patient’s hand, both 
objectively and subjectively, felt cold for sev- 
eral weeks, with some slight numbness for 
several days, though sensations and motions 
were all retained, and at no time was there 
any suggestion of gangrene. It was obvious, 
however, that the margin of safety, with refer- 
ence to the adequacy of collateral circulation, 
was not very wide, and that the loss of even a 
small part of the arterial pressure in the 
purposeless distention of a blind segment 
might have been disastrous. 


Il. THE MANAGEMENT OF ANEURYSMS OF 
THE UPPER THIGH 


Few situations in surgery demand more de- 
liberate, well considered action than the large 
pulsating aneurysmal swellings and arterio- 
venous fistulas of the upper thigh. Wise is the 
surgeon who hesitates before attacking a lesion 
that may engulf him and the tissues in a sea of 
blood, thereby completely obscuring and de- 
feating the object of the operation. The possi- 
bility of uncontrollable bleeding, fraught with 
such embarrassment to the surgeon and such 
tragedy for the patient, requires careful plan- 
ning, and special measures. 

An important maxim here, and elsewhere as 
well, is not to incise a pulsating swelling with- 
out first having attained complete control of 
the normal artery above the lesion, and prefer- 
ably also below the lesion. A tourniquet above 
lesions situated in the upper thigh is usually 
out of the question. 

Occasionally, also, direct attack upon a sim- 
ple fusiform aneurysm is not feasible and one 
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must be content with ligation of the normal 
artery proximal to the aneurysm. 

The following two instructive examples of 
arterial lesions of the upper thigh and their 
management are presented: 

CASE 2. Ligation of superficial femoral artery for 
ruptured fusiform aneurysm. 

D. K., a 77 year old farmer was admitted to Stan- 
ford Hospital on September 20, 1942. About 7 years 
before this admission, he had been struck in the left 
upper thigh by the handle of a pitchfork. A soreness 
for several days gave place to a tenderness which has 
persisted ever since. About 3 years previous to ad- 
mission, a small pulsating lump about 1 inch in 
diameter appeared at the site of previous injury, 
which had recently increased rapidly in size. Two 
days before admission he experienced very sharp 
pains in the thigh followed by a marked increase in 
swelling and by the appearance of ecchymotic areas 
on the inside of the upper thigh and scrotum. Both 
work and sleep were impossible because of the intense 

ain. 

7 Examination revealed a thin, poorly nourished 
man with a left thigh swollen to twice normal size. 
The dependent posterior soft tissues were infiltrated 
with blood and the skin of the thigh and left scrotum 
showed large areas of ecchymosis of recent origin. 
The swelling in the upper thigh had an expansile 
pulsation and a to-and-fro murmur was audible over 
it. The murmur was not continuous, there being a 
definite hidtus between the systolic and diastolic 
phases of the murmur. This characteristic of the 
murmur excluded an arteriovenous aneurysm, the 
bruit of which is invariably continuous. This evi- 
dence is most important. In the presence of a con- 
tinuous bruit one would never consider simple liga- 
tion of the artery proximal to the lesion, since such 
a procedure in the presence of an arteriovenous fis- 
tula would most certainly lead to gangrene. Deep 
pressure over the common femoral artery just below 
Poupart’s ligament stopped the expansile pulsation 
and the bruit, but did not alter the pulse rate, nor 
increase the blood pressure. Pulsation was present 
in both popliteal arteries, but absent in the posterior 
tibial and dorsalis pedis arteries on both sides. The 
general blood pressure was 140/90, pulse rate 110, 
the red cells numbered 3,000,000, white cells 7,700, 
and hemoglobin was 52 per cent Sahli. The Wasser- 
mann reaction was negative. 

A roentgenogram of the thigh (Fig. 8) revealed an 
astonishing calcification of both femoral vessels, 
with a perfect delineation of the fusiform aneurysm 
in the left thigh by fragmentation of the old calcified 
artery. 

The evidences of recent hemorrhage in the thigh 
and scrotum and the marked anemia suggested that 
the fusiform arteriosclerotic aneurysm of long stand- 
ing had recently broken its bounds, and that con- 
siderable bleeding into the tissues had occurred 2 
days previous to admission at the time of the severe 
pain. 


THE LARGE ARTERIES 279 


On September 25, 1942, under local anesthesia, 
a transverse incision was made in the anterior thigh 
6 centimeters below the inguinal ligament. The ar- 
tery and vein were approached through edematous 
blood-stained tissues. The common femoral, deep 
femoral, and superficial femoral arteries were iden- 
tified, and it was evident that there was just enough 
length of normal superficial femoral artery present 
above the lesion to permit ligation distal to the 
emergence of the deep femoral branch. 

The wall of the artery was quite firm and ob- 
viously infiltrated with calcium. It was isolated for 
about 3 centimeters. Compression of the superficial 
femoral artery completely stopped pulsation of the 
aneurysmal swelling. While the artery was com- 
pressed above the site of ligation, a braided silk liga- 
ture was applied to the collapsed vessel and tied, 
thus preventing fracture of its wall (Reid). A second 
ligature was applied distally about 2 centimeters 
distal to the first, and the artery divided between 
them. The divided ends separated about 5 milli- 
meters through elastic contraction of the vessel 
walls. Transfixion sutures were applied to both 
ligated stumps. There was no pulsation in the distal 
stump. Accordingly, the superficial femoral vein was 
isolated and ligated but not divided. The wound was 
closed with interrupted silk sutures. 

The wound healed satisfactorily, and at no time 
was there any question of the adequacy of the cir- 
culation of the foot. If such question had arisen, 
i.e. if the foot had become cold, pallid, and painful, 
repeated lumbar sympathetic interruption with 
novocain would have been performed to produce dis- 
tal vasodilation. If gangrene still seemed imminent, 
the femoral artery would have been ligated just 
distal to the aneurysmal dilatation, thus removing 
from the circulatory bed the aneurysmal swelling 
into which the collateral arterial pressure might be 
dissipated and lost. 


The successful outcome in this 77 year old 
man may be attributed to (r) ligation of the 
superficial femoral artery just beyond the 
deep femoral artery; (2) simultaneous ligation 
of the femoral vein; and (3) ligation and divi- 
sion of the artery instead of ligation in con- 
tinuity. It is quite possible that ligation in 
continuity of this arteriosclerotic vessel would 
have led to rupture of its wall at site of liga- 
tion. Moreover, division of the artery is 
tantamount to division of the sympathetic 
plexus surrounding the artery, thus providing 
for at least temporary vasodilation beyond 
the site of ligation (Leriche and Werquin). 

CasE 3. Excision of arteriovenous fistula between 
superficial femoral artery and branch of deep 
femoral vein. 


S. R. M., 21 years old, was admitted to the Mare 
Island Naval Hospital on January 4, 1943, about 1 
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hour after an accidental stab wound of the left thigh 
just below the groin. While boning a beef with a stilet- 
to-like sharp knife, he had stabbed himself. The blood 
gushed 2 feet out of the wound, and he promptly 
fainted. The bleeding soon stopped, but was fol- 
lowed by a marked swelling just below Poupart’s 
ligament. On admission at 9 a.m. his pulse rate was 
go, and blood pressure 128/75. A pulsating swelling 
occupied the upper part of the left thigh with a punc- 
ture wound % of an inch in length at its summit. 
The foot and lower leg were slightly mottled and 
somewhat colder than the right. Pulsation in the 
dorsalis pedis and posterior tibial arteries was absent 
on the left, normally present on the right. The pul- 
sation in the swelling was expansile and synchronous 
with the pulse. There was no murmur nor thrill 
present on admission. 

At 3 p.m. a slight thrill could be felt over the 
medial aspect of the swelling and a continuous mur- 
mur was heard, the diastolic component being weak 
but present. 

On January 7, there was a sudden increase in pain, 
accentuated with each pulsation, accompanied by an 
increase in the size of the swelling. During the next 
few days (Fig. 9) the swelling became definitely 
more firm, and frequent injections of morphine were 
necessary for pain. However, the murmur seemed 
to become less pronounced, somewhat higher 
pitched, and we were encouraged to believe that the 
opening between the artery and vein was a small one 
and that it might close spontaneously. 

On January 21, the puncture wound, which had 
been practically healed during all this time, reopened 
with the discharge of what appeared to be thin pus. 
His temperature was 99 degrees F., pulse rate 116, 
respirations 20, blood pressure 128/80. 

Delay in operating up to this time had been in- 
fluenced (1) by the hope that the opening between 
the artery and vein was small and that it would close 
spontaneously; (2) by the obvious difficulties in- 
volved since a tourniquet could not be used; and 
(3) by the likelihood that the arterial wound lay so 
near the branching of the common femoral artery 
that its ligation would be necessary with an accom- 
panying serious danger of gangrene. 

Now there was no alternative. An infected hema- 
toma connected with an arterial wound would 
eventually lead to repeated secondary hemorrhages 
and death. 

The operation, performed on January 21, 1943, 
consisted of temporary occlusion of the common and 
external iliac arteries, and quadruple ligation and 
excision of an arteriovenous fistula between the 
superficial femoral artery and the first perforating 
branch of the deep femoral vein. 

An incision was first made along the lateral border 
of the lower half of the left rectus muscle (Fig. 10) 
passing directly through the tendinous part of the 
external oblique, internal oblique, and transversalis 
muscles. The peritoneum was not opened but re- 
flected upward to expose the left common iliac ar- 
tery, which was easily isolated and a tape ligature 


applied including a segment of rubber tubing (Fig. 
11) about 1 centimeter in diameter to prevent injury 
to the arterial wall. As the external iliac artery still 
felt full and tense, though not pulsating, this artery 
was also temporarily occluded just above Poupart’s 
ligament. To avoid contamination of this wound by 
the presumably infected hematoma of the thigh, this 
wound was temporarily covered and isolated from 
the proposed incision in the thigh. 

A second 12 centimeters long incision beginning at 
Poupart’s ligament and extending distally along the 
line of the common femoral artery (Fig. 10) was made 
through tissues well infiltrated with blood. The com- 
mon femoral artery was isolated and the medially 
lying common femoral vein identified. The sa- 
phenous branch of the femoral nerve was displaced 
medially. The deep femoral artery and vein were 
identified emerging from the common femoral ves- 
sels about 4 centimeters beyond Poupart’s ligament. 
The superficial femoral artery was isolated for about 
4 centimeters beyond the deep femoral branch where 
a small aneurysmal sac was encountered. When this 
was opened, arterial and venous blood escaped in 
considerable quantity. The artery was ligated above 
and below the sac, thus controlling the arterial 
bleeding. The superficial femoral vein was isolated 
and ligated above the sac, but it was evident that the 
vein which was connected with the aneurysmal sac 
was the first perforating branch of the deep femoral 
vein. The vein was ligated at its entrance into the 
deep femoral vein and again deep in the wound. 
There was no pulsation in the distal end of the 
divided femoral artery. 

The abdominal wound was reopened and the tem- 
porary ligatures on the common iliac and external 
iliac arteries removed. The wound was closed with 
two rows of interrupted cotton sutures, approximat- 
ing the divided aponeurosis of the internal oblique 
and transversalis muscles and the divided external 
oblique. No drainage was instituted. 

The thigh wound was closed independently, with- 
out drainage, with interrupted cotton sutures in the 
subcutaneous tissues and in the skin. 

Examination of the excised specimen revealed 
complete severance of the artery, the small false 
aneurysmal sac opening into a vein. The large 
hematoma on the lateral aspect of the upper thigh 
(Fig. 12) remained stationary for about 2 weeks when 
it became fluctuant. On February 16, 1943, the 
wound was evacuated through a small incision, 
about a pint of blood clot being obtained. There 
was no evidence of infection. Full extension of the 
hip was still missed by 45 degrees and full extension 
at the knee was missed by 60 degrees. Rapid im- 
provement followed the evacuation of the hematoma, 
and recovery was complete by May 20 (Fig. 12). 


This case permitted a number of instructive 
observations: 

1. Complete severance of the superficial 
femoral artery without fatal bleeding is possi- 
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Fig. 7. a, Fusiform aneurysm of brachial artery just 


above elbow. b, Brachial artery ligated just distal to 
superior collateral ulnar artery and just proximal to in- 
ferior collateral ulnar artery with excision of aneurysm and 
about 6 centimeters of normal artery. c, Contracted speci- 
men of excised artery and aneurysm. 


ble when communication with a vein is also 
present. Because of minimal resistance in the 
vein, bleeding occurs into the vein rather than 
to the outside through collapsed soft tissues. 
For this reason bleeding from a wound in- 
volving both artery and vein is more easily 
controlled by simple pressure than bleeding 
from a wound of the artery alone. Moreover, 
this case provided clinical confirmation of the 


fig. 8. Case 2. Soft tissue roentgenogram showing the 
fusiform aneurysm of left femoral artery, perfectly deline- 
ated by the fragmentation of the calcified arterial wall. 


experimentally proved fact that complete 
severance of an artery may be less dangerous 
with reference to bleeding than a tangential 
wound (2). 

2. The persistence and recurrence of severe 
pain requiring frequent injections of morphne 
should have prompted operation at an earlier 
date and should have been recognized as an 
indication that spontaneous closure was un- 
likely. 

3. Operation upon an arterial lesion of the 
upper thigh may be performed with confidence 
even though the application of a tourniquet 
is not feasible by controlling hemorrhage 
through temporary occlusion of both the com- 
mon and external iliac arteries. Occlusion of 
the common femoral artery alone permits col- 
lateral circulation through the hypogastric 
into the external iliac artery. Temporary occlu- 
sion of the external iliac artery alone permits 
collateral circulation through the circumflex 
and sciatic arteries. Therefore, to avoid em- 
barrassing bleeding when operating upon arte- 
rial lesions of the upper thigh, both common 
and external iliac arteries should be temporari- 
ly occluded. The inclusion in the temporary 
ligature of a segment of rubber tubing about 
the caliber of the artery (1) prevents fractur- 
ing the walls of the artery which would invite 
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Fig. 9. Case 3. Photograph 10 days after accidental stab 
wound of left thigh at Y. Leg could not be straightened 
because of infiltration of tissues with blood, and was held 
permanently flexed at hip and knee for comfort. The 
swelling of the thigh was expansile, and auscultation re- 
vealed the continuous bruit of an arteriovenous fistula. 


later trouble at site of temporary ligation; and 
(2) enables one to remove the temporary liga- 
ture without difficulty and without injury to 
the artery by cutting the tape on the rubber 
tubing. 

4. The successful result in the surgical care 
of this pulsating hematoma may be attributed 
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Fig. 10. Case 3. In operating upon large arterial aneu- 
rysms and arteriovenous fistulas with large false sacs of the 
upper thigh, 2 incisions are preferable, one for the exposure 
of the common and external iliac arteries, and a second in- 
cision for exposure of the common and superficial femoral 
arteries. Division of Poupart’s ligament is avoided. 


GYNECOLOGY AND OBSTETRICS 


to (a) absolute control of bleeding by ten - 
porary occlusion of the main arteries proximal 
to the lesion before attacking the lesion itsel/: 
(b) ligation of the superficial femoral artery 
just distal to the deep femoral artery thus 
permitting an adequate collateral circulation 
to be established; (c) simultaneous ligation o/ 
superficial femoral vein when ligation of the 
superficial femoral artery was found necessary . 


Ill. RESECTION OF CLAVICLE FOR EXPOSURE: 
OF SUBCLAVIAN AND AXILLARY VESSELS 
WHEN OPERATING FOR ARTERIAL LESIONS 
IN THIS AREA 

Success in the performance of any operation 

is dependent in great measure upon one’s 
ability to control bleeding. Nowhere is this 
truer than in operations upon the large vessels 
of the neck where the hazards of bleeding are 
greatly accentuated. To operate successfully 
upon arterial lesions in this area, one must be 
able to expose the normal artery proximal to 
the arterial wound for temporary occlusion. 
One must also be able to occlude temporarily 
the proximal vein, not only to control bleeding 
but also to avoid air embolism through acci- 
dental rents in the larger veins which in this 
region so frequently exhibit negative pressure 
during inspiration. 

To insure adequate exposure of the sub- 
clavian and axillary vessels, it has been found 
desirable to resect a considerable portion of 
the clavicle subperiosteally. At no time has 
any permanent damage resulted from such re- 
section, since retention of the periosteum has 
permitted reformation of the clavicle and re- 
stabilization of the shoulder. Within 3 to 4 
weeks, normal motion and stability have been 
restored. 

The wide exposure of important structures 
permitted by resection of the clavicle has also 
provided greater confidence in being at all 
times master of the situation should any un- 
toward event occur, such as unexpected arte- 
rial bleeding, tears in large veins, or injuries to 
the larger lymphatics. Moreover, in operating 
for arteriovenous fistulas, resection of the 
clavicle enables one to isolate and to control 
the artery and vein distal to the lesion as well. 

Case 4, Excision of arteriovenous fistula of le/t 
subclavian vessels. 
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Fig. 12. a, Appearance of thigh February 13, 3 weeks after operation, showing 


primary healing of both wounds. 


Complete extension at hip still impossible due to 


infiltration of muscles by blood. b, Appearance of thigh April 2, 2!4 months after 
operation showing complete extension at hip. When last seen on June 25 patient was 


C. J. B., 27 years old, entered Mare Island Naval 
Hospital on July 25, 1942. He had been wounded 
by a piece of shrapnelin January, 1942, while landing 
his plane, the shell fragment having penetrated the 
left posterior axillary line and having lodged just be- 
low the midportion of the left clavicle. His left arm 
immediately felt numb and useless, and he was com- 
pelled to swim mainly with his right arm. He re- 
members bleeding profusely in the water for a brief 
time only. Eight days after the injury the shell 
fragment was removed. Within 3 weeks complete 
use of the arm had returned, and the wounds were 
all healed. 

During a recent medical examination for promo- 
tion, the characteristic thrill and bruit of an arterio- 
venous fistula were discovered above the left clavicle. 
He had considered himself perfectly well, but closer 
questioning revealed a recent shortness of breath on 
climbing stairs. 

On physical examination, marked pulsation was 
observed in the suprasternal notch which was more 
pronounced on the left. A continuous thrill could be 
felt just below the lateral third of the clavicle, but 
the bruit was most intense just below the center of 
the clavicle, suggesting that the communication lay 
directly posterior to the midpoint of the ciavicle. 
There was increased precordial activity, the apex 
beat being visible 1 centimeter inside the nipple line. 
There was no demonstrable increase in cardiac area 
by roentgenogram. 

Deep pressure over the subclavian vessels just 
above the medial half of the clavicle caused the pulse 
rate to drop from 72 to 68 and the blood pressure 
to rise from 126 systolic 68 diastolic to a high point 
of 136 systolic 90 diastolic. This retardation in 
pulse rate and elevation in blood pressure on closing 
the fistula was considered positive evidence that the 
opening between the artery and vein was fairly 
large, that it would not close spontaneously, that 
increasing cardiac disability would ensue, and that 
operation for the elimination of the fistula was in- 
dicated to avert progressive cardiac dilatation and 


back on full active duty, with no impairment of motion or sensation. 


eventual cardiac decompensation. Failure to act 
upon similar evidence in the past has resulted in 
serious though not fatal cardiac failure (3). 
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Fig. 11. Case 3. Preliminary occlusion of both common 
and external iliac arteries by temporary tape ligatures in- 
cluding a segment of rubber tubing to prevent injury to the 
vessel wall preceded the exposure of the arterial lesion in 
the upper thigh. Unless both common and external iliac 
arteries are so occluded, collateral circulation may provide 
most embarrassing bleeding. A lumbar sympathectomy may 
be done through the upper incision if thought desirable 
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lig. 13. Case 4. Site of arteriovenous fistula which was 
excised following ligation of subclavian artery and vein 
proximal to fistula and ligation of axillary artery and vein 
distal to fistula. Excellent exposure possible by subperi- 
osteal resection of clavicle. 


On July 28, 1942, the fistula was excised. The in- 
cision was made in the direction of the skin creases 
directly over the clavicle, an 8 centimeter segment 
of which was removed subperiosteally. The peri- 
osteum, costocoracoid ligament, and subclavius 
muscle were divided at about their midpoint and re- 
flected to either side. A small aneurysmal sac lay 
between the subclavian vessels in their third part 
(Fig. 13). The subclavian artery and vein were iso- 
lated proximal to the sac, and the axillary artery and 
vein were isolated distal to the sac. Both proximal 
and distal vessels having been controlled the aneu- 
rysmal sac was then dissected free, and the vessels 
were ligated with braided silk in the following order: 
subclavian artery proximal to the sac, axillary ar- 
tery distal to the sac; subclavian vein proximal to 
the sac, axillary vein distal to the sac. The vessels 
were divided, and the sac and a limited portion of the 
vessels were removed. There was no pulsation in the 
divided distal axillary artery, but the artery felt full, 
suggesting an adequate collateral circulation. 

Following ligation of the vessels and excision of 
the fistula, the general blood pressure rose from 
110/60 to 150/90, and the pulse rate dropped from 
100 to g2. On the evening of the operative day, the 
patient’s hand, particularly the thumb, felt quite 
numb, and the hand was somewhat cyanosed. On 
the following day the hand was warm, there was no 
cyanosis, but some numbness persisted. On the 2d 
day following operation, the numbness was limited 
to the thumb, and by the 5th day the hand was 
normal subjectively and objectively. There was no 
radial pulse. 

On August 8, the 11th postoperative day, the 
blood pressure readings were 120 systolic 70 dias- 
tolic, pulse rate 80, and the wound was well healed. 
He left the hospital 2 weeks after operation with a 
normally functioning arm and shoulder. 
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Fig. 14. Case 5. Drawing which shows the location of 
the arteriovenous fistula to have been between the trans- 
verse cervical vessels. The artery proximal to the aneu- 
rysmal sac showed marked dilatation to three times its 
normai size. 


CasF 5. Excision of arteriovenous fistula between 
superficial cervical artery and vein. 

J. J. K., 20 vears old, was injured in November, 
1942, by a bit of shrapnel entering the left neck 
about 2 centimeters above the clavicle. There was 
little bleeding, but a partial loss of the use of the left 
shoulder and elbow occurred immediately, which 
has persisted to this date. The movements of the 
hand have been unimpaired. 

On admission to Mare Island Naval Hospital on 
January 1, 1943, the small wound of entrance above 
the left clavicle was almost invisible. There was no 
wound of exit, and a roentgenogram revealed a tiny 
2 millimeter sized shrapnel fragment lying in the 
neck just anterior to the posterior third of the first 
rib. 

The superficial veins of the left neck were defi- 
nitely more visible than on the right, but there was 
no swelling. On palpation an intense thrill could be 
felt just above the junction of the medial and middle 
thirds of the clavicle, and a loud bruit was heard over 
the same area. Deep pressure above the middle of 
the clavicle obliterated the thrill and bruit and 
caused an elevation in blood pressure from 138/85 to 
142/105 and a retardation in pulse rate from 80 to 
68. These rather conspicuous changes were inter- 
preted as indicating a large communication between 
artery and vein, and the only vessels sufficiently 
large in this area would be the subclavian vessels. 
However, pressure sufficiently firm to obliterate the 
thrill and bruit did not affect the radial pulse, sug- 
gesting that vessels other than the subclavian artery 
and vein might be involved. 

The conspicuous changes in blood pressure and 
pulse rate were again considered evidence that the 
opening between the vessels was too large to expect 
spontaneous closure, that the amount of blood short 
circuited through the fistula was sufficient already t 
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have caused an increase in total blood volume, and 
that the harmful effects of the fistula would prob- 
ably be progressive more or less slowly through the 
years. The retardation in pulse rate and increase in 
blood pressure on closing a fistula can be explained 
only by this increase in total blood volume (4), and 
when this occurs cardiac dilatation is inevitable, and 
cardiac failure probable. 

The atrophy and paralysis limited to the deltoid, 
biceps and brachialis anticus muscles indicated a 
limited injury to the fibers composing the brachial 
plexus. 

On January 7, 1943, the fistula was excised. An 
incision was made in the creases of the skin from the 
suprasternal notch laterally for about 12 centi- 
meters. In the fatty tissue underlying the platysma 
muscle a number of large dilated veins were en- 
countered in which eddies of arterial blood could be 
seen. The medial two-thirds of the clavicle was 
resected, subperiosteally, by division with a Gigli 
saw, and by disarticulation at the sternoclavicular 
junction. Again dilated veins were encountered, in 
which swirling eddies of arterial blood were seen. 
These dilated veins emptied into the transverse cer- 
vical vein. Several large lymph vessels were identi- 
tied, one of which, because of an accidental rent, re- 
quired ligation and division. The greatly dilated 
transverse cervical vein was divided near its entrance 
into the thyroid axis, revealing the underlying trans- 
verse cervical artery, pulsating strongly, about 8 
millimeters in diameter, fully three times its normal 
size. About 6 centimeters from its origin a pulsating 
expansile mass about 3 centimeters in diameter was 
encountered as an offshoot from the cervical artery 
(Fig. 14). Emerging from this aneurysmal tumor 
was a plexus of pulsating veins, like a hemangioma, 
containing swirling eddies of arterial blood. These 
veins were ligated as was also the artery proximal 
and distal to the mass which was then excised. The 
systolic blood pressure rose from 148 to 156 following 
excision of the aneurysmal mass. Diastolic pressures 
were not recorded. 

The brachial plexus was then identified posterior 
to the site of the aneurysm disclosing a small lacera- 
tion 3 millimeters long in the midportion of the 
outer cord of the plexus. The laceration in the nerve 
sheath was extended longitudinally for several cen- 
timeters on either side. This part of the nerve was 
then forcibly distended with salt solution to free, if 
possible, the nerve fibers from investing scar tissue. 
Any attempt at end-to-end approximation of divided 
nerve fibrils was out of the question. The wound 
was closed by approximating the platysma muscle 
and skin. No drains were inserted into the wound. 

An uneventful recovery followed the operation, 
and a slow return of muscular power is just begin- 
ning (Fig. 15). 


SUMMARY 


1. Experimental evidence is presented indi- 
cating the desirability of ligating a large 


Fig. 15. Case 5. Photograph 214 months after operation 
for elimination of arteriovenous fistula between transverse 
cervical artery and vein showing incision in direction of 
skin creases; loss of normal clavicular contour is due to re- 
section of medial two-thirds of clavicle. Clavicle has par- 
tially regenerated and stability of shoulder is normal. 
Flattening of deltoid due to injury to brachial plexus by 
piece of shrapnel. 


artery just beyond a large collateral vessel or 
branch, so that the full force of arterial pres- 
sure is directed into the expansion of this large 
collateral vessel and its terminal branches. If 
a blind segment of artery, or a segment with 
small inadequate branches, is left in the circu- 
lation between the large collateral vessel and 
the point of ligation, a significant part of the 
available arterial pressure is dissipated in 
purposeless distention of this blind segment, 
thus diminishing the arterial pressure which 
should be directed into enlarging and distend- 
ing the large collateral branch and its distal 
bed. 

2. Further experimental evidence is pre- 
sented to indicate that distal ligation of a large 
artery, i.e., distal to the arterial lesion for 
which ligation is being done, should be placed 
just proximal to a large collateral branch. Ii a 
blind segment lies between the ligature and 
the collateral vessel, a part, possibly a signifi- 
cant part, of the arterial pressure will be ab- 
sorbed or dissipated in the fruitless expansion 
of this blind segment, thus subtracting from 
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pressure that should be directed distally into 
peripheral branches of ligated artery. 

3. It is suggested that ligation of the bra- 
chial artery should be placed preferably just 
distal to the superior ulnar collateral and just 
proximal to the inferior ulnar collateral, with 
excision of the intervening segment. A clinical 
experience is presented in which about 6 
centimeters of normal brachial artery with its 
small insignificant branches was excised to- 
gether with a fusiform aneurysm in order to 
meet the above conditions. It was thought 
that the probability of gangrene was mini- 
mized by directing the full force of the arterial 
pressure proximal to ligation into the superior 
ulnar collateral artery, thus avoiding the pur- 
poseless distention of segment of artery con- 
taining only minute branches incapable of sus- 
taining the peripheral circulation. 

4. In the thigh, rarely is gangrene precipi- 
tated by ligation of the superficial femoral 
artery just beyond the emergence of the deep 
femoral artery. In cases in which necessity 
should normally demand ligation of the femo- 
ral artery between this site and the popliteal 
artery, it would seem desirable to ligate it just 
beyond the deep femoral artery instead, to 
avoid leaving in the circulation a blind seg- 
ment or segment with small branches capable 
of dissipating the arterial pressure so necessary 
in opening up the deep femoral collateral bed. 

5. Aneurysmal swellings of the upper thigh 
whether due to simple fusiform dilatation, to 
large false sacs connected with an arterial 
wound, or to large false aneurysmal sacs in 
connection with arteriovenous fistulas must 
be approached with extreme caution since a 
tourniquet is rarely applicable above the le- 
sion. When simple ligation proximal to the 
lesion is contemplated, one must be absolutely 
certain that an arteriovenous communication 
is not present. The latter is characterized by a 
continuous bruit and thrill, and usually by re- 
tardation in pulse rate and increase in blood 
pressure on closing the artery proximal to the 
lesion by digital pressure. If these signs are 
present, proximal ligation must not be done, 
and the lesion must be treated as an arterio- 
venous fistula. 

When simple ligation of the artery in this 
region is indicated it should be done when 


possible, just distal to the branching of the 
deep femoral artery. Ligation and division is 
preferable to ligation in continuity particular- 
ly in the presence of arteriosclerosis, since 
danger of erosion at site of ligation is greatly 
reduced by division of the artery between 
ligatures. 

A clinical experience in the case of a 77 year 
old man with a large fusiform aneurysm, which 
had recently ruptured into the tissues trans- 
forming it into a pulsating hematoma, is pre- 
sented in which ligation and division of the 
superficial femoral artery with simultaneous 
ligation of the superficial femoral vein led to 
recovery and cure of the aneurysm. 

6. When operating as an emergency upon a 
large pulsating swelling of the upper thigh due 
to an arterial injury, or when operating upon a 
recently incurred arteriovenous fistula com- 
plicated by bleeding into the soft tissues and 
the production of false sacs or of a pulsating 
hematoma, or when operating upon any long 
standing arterial lesion in this region that 
might involve incision into a false sac, the 
danger of severe and uncontrollable bleeding 
requires temporary occlusion of both the com- 
mon iliac and external iliac arteries since occlu- 
sion of only one or the other would still pro- 
vide sufficient collateral circulation to make 
the operation embarrassing by loss of blood or 
impossible through obscuring of the operative 
field by bleeding. 

Such temporary occlusion is best accom- 
plished through a separate incision through 
the tendinous structures just lateral to the 
lower third of the rectus muscle, displacing 
the peritoneum upward, and exposing the 
common iliac artery at its origin. Tape liga- 
tures including a small segment of rubber 
tubing will prevent injury to the vessel wall 
when tied and can easily be removed by cut- 
ting the tape over the tubing. The lesion is 
then approached through a longitudinal inci- 
sion in the thigh directly over the common and 
superticial femoral arteries. Division of Pou- 
part’s ligament is avoided if possible. 

The incision for the exposure of the common 
iliac artery will also permit removal of the 
lumbar sympathetic ganglia for the produc- 
tion of peripheral vasodilatation if this seems 
desirable (Gage and Ochsner). 
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7. In operations upon lesions of the neck 
involving the subclavian and axillary vessels, 
adequate exposure of the proximal artery in 
the first or second portions of the subclavian 
artery is obtained best by subperiosteal resec- 
tion of the medial two-thirds of the clavicle 
with transverse incision and reflection of the 
periosteum in its midportion. Stabilization of 
the shoulder is not permanently impaired, 
and good function is possible in about 3 weeks. 
The added confidence provided by this proce- 
dure in being able to control both the proximal 
artery and vein is ample justification for such 
resection. 
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8. Two cases of arteriovenous fistula, one 
of the subclavian vessels and one of the trans- 
verse cervical vessels, are presented illustrat- 
ing the value of such resection of the clavicle 
in exposing these vessels. 
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SURGERY OF THE CONGENITAL ANOMALOUS KIDNEY 


B. S. ABESHOUSE, M.D., Baltimore, Maryland 


T is generally agreed that congenital 
anomalies occur more frequently in the 
kidney than in any other organ in the 

' body. This may be attributed to the 

complex development of the urogenital appar- 

atus which permits many bizarre anomalies in 
the kidney or in other portions of the urogeni- 
tal tract with secondary changes in the kidney. 

Excellent classifications of the anomalies of 
the kidney have been proposed by Young, 
Hinman, Gutierrez, Campbell, and others. 
Tollowing is a convenient classification of 
anomalies of the kidney proper modified after 
Young. 


Anomalies of number 
1. Bilateral agenesis 
2. Unilateral agenesis (congenital solitary 
kidney) 
Multiple kidneys (unilateral or bilateral) 
a. fused supernumerary kidney 
b. free supernumerary kidney 
Anomalies of form 
1. Simple variations in form (i.e., long, 
short, round kidney, etc.) 
Fusion anomalies 
a. Horseshoe kidney 
b. Sigmoid kidney 
I. true sigmoid kidney (simple dys- 
topia) 
unilateral elongated kidney 
(crossed dystopia) 
Disk kidney 
Other fusion forms 
I. anteroposterior fusion 
2. lump kidney 
Anomalies of position 
1. Congenital 
a. Simple dystopia (congenital pelvic 
kidney) 
b. Crossed dystopia 
Acquired 
a. Movable or floating kidney 
phroptosis) 
Rotation anomaly (incomplete or ex- 
cessive) 
Anomalies of structure 
1. Congenital 
a. Aplasia 
b. Hypoplasia 
c. Hypertrophy 
Krom the Department of Urology, Sinai Hospital, Baltimore. 
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2. Acquired 

a. Atrophy 

b. Hypertrophy 
Cystic disease 

a. Solitary 

b. Polycystic 


3: 


The relative frequency of renal anomalies in 
3,684 consecutive urological admissions to the 
Sinai Hospital, Baltimore, and in 1,100 con- 
secutive necropsies at the University of Mary- 
land School of Medicine, Department of 
Pathology, is indicated in Tables I and II. 
These findings are in accord with the reports 
of other observers as noted elsewhere in this 
paper. It is generally agreed that the most 
common renal anomalies encountered are 
fused supernumerary kidney, polycystic kid- 
neys, congenital hypoplastic kidney, congeni- 
tal ectopic kidney, and horseshoe kidney. 

The literature contains numerous reports 
which affirm the fact that every congenital 
anomaly of the kidney is a potential clinico- 
pathologic entity. Some renal anomalies exhi- 
bit a greater tendency to secondary changes 
than do others. This is particularly true of the 
anomalies of form, position, and structure. 
Chronic pyuria and pyelonephritis in children 
and adolescents are frequently associated with 
renal anomalies which may or may not be 
caused by anomalies in the lower urinary 
tract. The development of a disease process in 
the fusion and ectopic types of renal anomalies 
may be considerably influenced by the blood 
supply, changes in the form and position of the 
pelvis, and the course and number of ureter. 
Abnormalities of the pelvis and ureter are 
conducive to the development of urinary ob- 
struction and stasis. The intrinsic lesion in a 
congenital anomalous kidney may manifest 
itself in one or more of the following changes, 
viz.: (1) extensive histologic changes asso- 
ciated with defective development of the fetal 
kidney, i.e., embryonic, sclerotic or calcified 
glomeruli and tubules, cystic degeneration, 
etc.; (2) hydronephrotic atrophy secondary to 
congenital obstructive lesions in the upper or 
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lower urinary tract; (3) renal atrophy second- 
ary to anomalous blood supply; (4) various 
types of inflammatory or suppurative lesions 
of the renal parenchyma due to acquired infec- 
tion; (5) calculosis secondary to obstruction 
or infection. 

These secondary changes within the anoma- 
lous kidney may be so extensive as seriously to 
impair or destroy totally the function of the 
kidney. The opposite and presumably normal 
kidney may also show signs of impaired func- 
tion due to the additional strain imposed upon 
it by the defective or infected anomalous 
mate. Recently the author has shown that 
these secondary changes within anomalous 
kidneys frequently lead to varying degrees of 
renal ischemia and subsequent hypertension. 

From a symptomologic standpoint congeni- 
tal anomalies usually fall into three groups, 
viz.: (1) Asymptomatic cases. No functional 
impairment of the kidney; usually discovered 
accidentally during routine examination or at 
operation. (2) Cases with subjective symptoms 
of nonrenal origin. Symptoms result from 
pressure or ifterference with or by other 
organs in the vicinity; usually accompanied by 
little or no functional impairment or destruc- 
tive process in the parenchyma. (3) Cases 
with subjective and objective symptoms of renal 
origin. Symptoms are caused by the same 
pathologic lesions as in the normally developed 
kidney. 

In this era of accurate urologic diagnosis, it 
is no longer necessary or advisable to subject 
patients with an asymptomatic or sympto- 
matic abdominal, pelvic, or retroperitoneal 
mass to an exploratory operation. The recent 
refinements in urologic diagnostic techniques, 
which include cystoscopy, ureteral catheteri- 
zation, retrograde pyelography, intravenous 
urography, functional tests, etc., may simplify 
the diagnosis of a congenital anomalous kid- 
ney and their pathological complications 
when the obscure mass is of renal origin or 
may yield considerable important information 
about the nature and position of the mass 
when it is nonrenal in origin. 


TREATMENT 


It is impossible to establish any hard or fast 
rules regarding the treatment of the congenital 
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anomalous kidney as the treatment varies 
according to the type of anomaly and the 
associated pathologic process. Obviously no 
treatment is indicated in asymptomatic pa- 
tients. However, once the diagnosis of an 
asymptomatic anomalous kidney has been 
established, it is to the best interest of the pa- 
tient to inform him of the true nature of the 
condition and urge him to return for periodic 
examination. On the other hand, when the 
disease process is of an infectious nature, it can 
be readily relieved or cured by supportive 
treatment and specific urologic procedures 
designed to establish adequate urinary drain- 
age and to combat the infection. Unques- 
tionably many anomalous kidneys have been 
removed in the past which today could be 
saved by utilizing the newer chemotherapeutic 
agents, cystoscopic treatment to insure good 
drainage, lavage of the renal pelvis, and the 
propitious use of the indwelling ureteral 
catheter. 

Surgical treatment is indicated in many pa- 
tients whith anomalous kidneys. The nature 
of the 56 operations performed in this series of 
122 cases of congenital anomalous kidney is 
indicated in Table I. The details of these 
operations have been intentionally omitted as 
it is not the author’s intention to discuss the 
surgical treatment of each of the renal anoma- 
lies enumerated in the table of classification 
but rather to limit the discussion to the opera- 
tive treatment of the more common renal 
anomalies encountered, viz.: supernumerary 
kidney, ectopic kidney, horseshoe kidney, 
congenital hypoplasia, and sigmoid kidney. 
Before this discussion is undertaken, several 
important facts pertaining to the preoperative 
regimen are worthy of special emphasis. 

Preoperative study. A comprehensive uro- 
logic study must be made in every case in 
order to evaluate the true nature of the disease 
process in the anomalous kidney and to deter- 
mine the presence and condition of the oppo- 
site kidney. It is tantamount that no surgical 
operation on an anomalous kidney be contem- 
plated or attempted without first ascertaining 
the presence and function of the opposite 
kidney. It is highly possible that the anoma- 
lous kidney may be the patient’s only kidney 
or best kidney and consequently nephrectomy 
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TABLE I.—INCIDENCE AND 


SURGICAL TREATMENT! 


Renal anomaly 


number of urologic cases 


kidney 
vessels 


Incidence ratio in re total 
Ureterolithotomy 
Pyelolithotomy 
Heminephrectomy 

Resection of }4 of horseshoe 
Nephropexy 

Ligation of ureter 

Ligation of anomalous blood 
Nephrocutaneous fistula 
Partial nephrectomy 
Puncture of cysts 
Pyeloplasty 


Nephrectomy 


a» | Number of cases 


. Congenital solitary kidney 


1:921 


. Congenital hypoplastic kidney 


wo 


1:283 


. Congenital hydronephrosis 


1:368 


. Fused supernumerary kidney (54 cases) 


1:68 


a. Bilateral with complete duplication of ureters 


1:1226 


b. Bilateral with incomplete duplication of ureters 


1:1842 


c. Bilateral with right complete duplication of ureters and 
left incomplete duplication of ureter 


1:3684 


d. Unilateral with complete duplication of ureter 


I:153 


e. Unilateral with incomplete duplication of ureter 


1:153 


. Free supernumerary kidney with ectopic ureteral orifice (vagina) 


1:3684 


. Horseshoe kidney 


1:460 


. Sigmoid kidney 
a. Unilateral fused (crossed dystopia) 


1:3684 


b. Unilateral fused with ectopic ureteral orifice (uterus) 


1:3684 


. Ectopic kidney (8 cases) 


1:460 


a. Unilateral dystopia (congenital pelvic kidney) 6 


1:614 


b. Unilateral crossed dystopia (congenital pelvic kidney) I 


123684 


c. Unilateral dystopia (slight) with nonrotation I 


1:3684 


. Polycystic kidney (bilateral) | 18 


1:204 | 


. Solitary cysts 4 


Total | 130 1 6 


1The figures are based on the series of 3,684 urological cases in 97,875 total hospital admissions at the Sinai Hospital, Baltimore, Maryland. 


would be fatal and any conservative operation 
is fraught with great danger. Experience has 
also taught us that early diagnosis and prompt 
surgical treatment may mean the preservation 
of the integrity of the anomalous kidney, 
whereas procrastination on the part of the pa- 
tient or urologist in establishing the correct 
diagnosis may result in severe impairment in 
function or complete destruction of the paren- 
chyma, and necessitate radical surgery. 

It is imperative that the urologist critically 
analyze all the information concerning the 
disease process in the anomalous kidney which 
has been obtained by the various diagnostic 
procedures. For example, pyelographic study 
may provide extremely valuable information, 


i.e., the graphic demonstration of the altera- 
tions in the ascent of the kidney from the true 
pelvis constituting the varying degrees of 
ectopia, the abnormalities in rotation of the 
fused or ectopic kidney, the abnormal direc- 
tion of the calyces, and the anatomic varia- 
tions and pathologic changes in the ureter. 
Such information may enable the surgeon to 
plan his operation with a minimum degree of 
discomfort or shock to the patient and with 
maximum prospects for relief or cure of the 
condition. The surgeon must bear in mind the 
recuperative powers of the individual for, by 
virtue of this inherent power, conservative 
operations for serious renal lesions often yield 
good results in children, whereas the same con- 
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dition in adults demands radical surgery for 
relief or cure. 

Thorough preoperative care is of the utmost 
importance in determining the result of opera- 
tive treatment of anomalous kidneys, particu- 
larly in children. A thorough physical exam- 
ination and laboratory studies may reveal 
constitutional defects: anemia, dehydration, 
acidosis, azotemia, myocardial damage, etc. 
These conditions must be quickly combatted 
or remedied by appropriate measures. The 
judicious use of blood transfusions and the 
liberal administration of proper fluids to over- 
come dehydration and acidosis and to stimu- 
late renal excretion may mean the difference 
between success and failure in the operative 
treatment. Urinary infection may be con- 
trolled or combatted by employing sulfona- 
mides or mandelic acid according to the speci- 
fic bacteriologic indications. 

The anesthesia of choice in operations on 
anomalous kidney depends upon the age of the 
patient. Ether appears to be the best anesthe- 
sia for children. Spinal anesthesia is prefer- 
able in adults as it facilitates good exposure by 
means of the complete relaxation of the 
tissues. 

Operative plan. The successful surgical 
treatment of an anomalous kidney demands 
an orderly plan of operation as will be out- 
lined. When the operative procedures are 
performed in a careful and precise manner, the 
end-results are so uniformly satisfactory that 
the surgeon is more than amply rewarded for 
his painstaking efforts. Insufficient attention 
to any of the important steps in the operation 
may lead to unpleasant postoperative com- 
plications. However certain anatomic and 
pathological changes may exist, namely, ab- 
normally fixed kidney, abnormal blood sup- 
ply, unusual pathologic changes, and may 
interfere with the execution of one or more 
steps in the operation plan. The importance 
and value of this operative plan merit a very 
brief discussion of each of the following steps: 
(t) proper surgical approach, (2) careful 
attention to the vascular supply, (3) accurate 
hemostasis of parenchymal incisions, (4) dis- 
position of the ureter, (5) adequate drainage 
of the kidney and renal fossa, (6) accurate 
closure of the operative wound. 
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TABLE II.—INCIDENCE OF RENAL ANOMALIES 
IN 1100 CONSECUTIVE NECROPSIES, UNIVER- 
SITY OF MARYLAND MEDICAL SCHOOL, DE- 
PARTMENT OF PATHOLOGY 


Congenital solitary kidney 
Fused supernumerary kidney 
a. Bilateral with complete duplication 
of ureters 
b. Unilateral with complete duplication 
of ureters 
c. Unilateral with incomplete duplica- 
tion of ureter 
Horseshoe kidney 
Total 


1. Surgical approach. As a rule, all opera- 
tions on anomalous kidneys can be performed 
through the experitoneal lumbar route. This 
method permits good exposure and eliminates 
the danger of intra-abdominal infection result- 
ing from contamination or spillage of infectious 
material. The type of incision varies with the 
position of the anomalous kidney. Although 
the fusion type of anomalous kidney is usually 
situated at the lower level than the normally 
developed kidney, it can be readily exposed by 
a lumbar incision of either the Israel or Young 
type. A lateral Mayo or Gibson incision may 
be employed in the case of a horseshoe kidney 
or sigmoid kidney situated at the level of, or 
slightly above, the sacral promontory, or in 
the case of a pelvic ectopic kidney. Two inci- 
sions, lumbar and lateral abdominal incisions, 
are required for a combined nephroureterec- 
tomy or heminephroureterectomy. 

2. Vascular supply. Careful isolation and 
preparation of the vascular supply of the 
anomalous kidney are important steps in the 
operation. This procedure is often beset with 
great difficulties due to the anomalous origin, 
abnormal course, and variations in the number 
of vessels supplying the kidney. Each vessel 
must be carefully identified and individually 
ligated. In cases of fused supernumerary kid- 
ney and horseshoe kidney, temporary com- 
pression of the nutrient vessels to the segment 
to be removed enables the surgeon to deter- 
mine the exact amount of renal tissue supplied 
by the vessels. 

3. Hemostasis. The success of any opera- 
tion on any anomalous kidney is often depen- 
dent upon accurate hemostasis. Faulty hemos- 
tasis of parenchymal incisions or cut surfaces 
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may result in subsequent oozing or delayed 
hemorrhage and require a secondary nephrec- 
tomy which may jeopardize the patient’s life. 

An unwarranted fear of extensive hemor- 
rhage at the time of operation and of delayed 
hemorrhage following operation often exists in 
the mind of the surgeon who is contemplating 
excision of a portion of a kidney, heminephrec- 
tomy, removal of one-half of a horseshoe 
kidney, symphysiotomy, etc. The danger 
that a persistent urinary fistula may develop 
following operation is another hazard. These 
dangers can be eliminated or avoided by the 
judicious use of the proper type of renal inci- 
sion. and accurate hemostasis. All incisions 
into the renal parenchyma should be made 
through healthy renal tissue avoiding, if pos- 
sible, opening of the pelvis or calyces. To 
excise a portion of a kidney or one segment of 
a fused kidney, the use of wedge shaped inci- 
sions are of inestimable value. This type of 
incision provides adequate exposure of any 
opening in the calyces or pelvis to be sutured 
and permits thorough hemostasis by placing 
the sutures through the opposed parts of the 
wedge shaped incision. 

To control bleeding from the cut surface of 
any renal incision the simple continuous 
through-and-through suture of Tuffier is more 
effective and less destructive of the renal 
parenchyma than are interrupted mattress 
sutures. The efficiency of these sutures may 
be increased by underpinning the sutures on 
both sides with small pieces of fat after the 
method of Beer and Hagenbach. The use of 
straight needles with catgut fused in their 
head (atraumatic sutures) produces a mini- 
mum amount of trauma especially when the 
needles are well greased with sterile vaseline. 
Hemostasis may also be obtained by the use 
of the fiat ribbon gut as advocated by Lows- 
ley. Closure and hemostasis of renal incisions 
may be facilitated by the utilization of the 
capsule which has been preserved by being 
carefully stripped away from the site of the 
incision. The replacement and suturing of the 
previously stripped capsule over the approxi- 
mated edges or raw surfaces not only serve to 
seal over the raw edges or surfaces and check 
oozing but also aid in the closure and healing 
of the wound by holding the hemostatic su- 
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tures in place. We have frequently placed a 
pad of fat from the subcutaneous or perirenal 
fat in the kidney incision for hemostatic pur- 
poses prior to the insertion of the hemostatic 
sutures in the parenchyma. For this purpose 
we prefer the use of fat instead of muscle. In 
an occasional case of heminephrectomy or 
symphysiotomy, the operation may be at- 
tended with great difficulties due to incom- 
plete exposure or anatomic disfigurations, and 
one may be forced to obtain hemostasis by 
applying curved hemostats which may be left 
in place from 3 to 5 days. 

4. Disposition of the ureter. The disposition 
of the ureter at the time of operation depends 
upon the pathologic process and the course of 
the ureter as well as the condition of the pa- 
tient. As a rule, the ureter of an anomalous 
kidney is handled in much the same manner as 
in treatment of a similar disease process in the 
normally developed kidney. Partial or com- 
plete ureterectomy may be indicated in cases 
of heminephrectomy of fused supernumerary 
kidney or removal of one half of a horseshoe 
kidney. Certain pathological processes in the 
ureter warrant a complete ureterectomy, i.e., 
tuberculosis, marked dilatation and tortuosity 
associated with stricture at the ureterovesical 
orifice or with an ectopic ureteral orifice. The 
surgeon must exercise great care in isolating 
the affected ureter in cases of fused super- 
numerary kidney with partial or complete 
ureteral duplication in order to avoid injury 
to the intrinsic blood supply and to integrity 
of the sound ureter which may be firmly ad- 
herent to the diseased or dilated ureter. 
Identification and isolation of the ureters at 
the time of operation may be simplified by 
passing ureteral catheters into the ureters 
prior to operation. Ordinarily the ureterec- 
tomy can be performed at the same time that 
the kidney is removed, but in some cases it 
may be necessary to remove the diseased 
ureter at a later date (two stage operation). 
When a combined nephroureterectomy is to be 
performed it is advisable first to isolate and 
ligate the ureter through a separate lateral 
abdominal incision and then to proceed with 
the nephrectomy through a second incision. 

Careful study of the preoperative pyelo- 
grams of an anomalous kidney will often 
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reveal valuable information to the surgeon in 
regard to size, number, length, and course of 
the ureter, and the degree of rotation of the 
pelvis. Such information immediately warns 
the surgeon of the impracticability of nephro- 
pexy on the congenital pelvic kidney and 
suggests the degree of rotation essential to 
establish good drainage following hemine- 
phrectomy of fused supernumerary kidney or 
follow nephropexy division of the isthmus and 
of the segments of a horseshoe kidney. 

5. Drainage of the kidney and renal fossa. 
Since anomalous kidneys are so frequently 
associated with concomittant abnormalities of 
the ureter and pelvis which may impede the 
drainage of the urine from the kidney or may 
even serve etiological factors responsible for 
the disease process in the anomalous kidney, 
it is imperative that good urinary drainage be 
established following any conservative opera- 
tion. This can usually be accomplished by 
performing a nephropexy on the remaining 
portion of the kidney. The anomalous kidney 
should be anchored in a new position or re- 
placed in such a manner as to insure good 
drainage through the existing channels. The 
author prefers the Deming method of nephro- 
pexy -whenever anatomical and pathologic 
conditions permit. Otherwise, intrarenal or 
capsular sutures must be employed. 

The advisability and practicability of intra- 
renal drainage in cases following hemine- 
phrectomy, partial resection of the kidney, 
and division of the isthmus of a horseshoe 
kidney-are strongly questioned. It is the 
author’s opinion that this procedure does not 
completely relieve tension on the suture line 
but, on the contrary, may interfere with pri- 
mary healing, particularly when the drainage 
tube is inserted through a calyx previously 
unopened during the resection. 

Following any operation on an anomalous 
kidney, drainage of the renal bed should be 
instituted to forestall the development of an 
infection about the operative site. The only 
exception is in cases of renal tuberculosis; in 
these patients such a procedure may lead to a 
persistent fistula. One or two Penrose (ciga- 
rette) drains usually suffice. However, some 
surgeons prefer to use a rubber tube 8 to 10 
millimeters in diameter, but this method may 
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lead to perforation of the peritoneum or 
intestine as noted in one case in our clinic. 

We have had unusually good results in the 
prevention of renal necrosis and postoperative 
infection of the renal fossa and of the incision 
due to escape of infected urine or pus during 
the operation by the liberal application of 
sulfanilamide powder (8 to 10 grams) over 
the renal bed and incision. This precautionary 
measure has undoubtedly reduced to a mini- 
mum the damage to the renal parenchyma by 
reparative sclerosis in the parenchyma and 
perirenal tissues incited by infection in the 
renal bed. 

6. Closure of the operative wound. The im- 
portance of this step is readily apparent and 
requires no further elaboration. 


POSTOPERATIVE CARE 


The success of any operation is in a large 
measure dependent upon thoroughness of the 
postoperative care; competent nursing and 
rigid medical supervision are absolutely essen- 
tial. Careful attention must be paid to local 
and constitutional changes. Every effort 
must be made to forestall the development of 
dehydration, acidosis, azotemia, and anemia. 
Blood transfusions have proved of special sup- 
portive value particularly in children and 
chronically ill or debilitated adults. The urin- 
ary infection should be strongly combatted by 
oral therapy with appropriate urinary anti- 
septics. Experience has shown that a smooth 
postoperative course and a good end-result 
depend upon efficient nursing and medical 
care as well as on a carefully executed opera- 
tion. The author is in accord with the view of 
Campbell that no patient be discharged as 
cured following an operation on an anomalous 
kidney complicated by urinary infection until 
at least two cultures of aseptically collected 
specimens of urine yield negative results. 

The specific type of surgery and the results 
obtained in the patients treated by the author 
are indicated under each of the anomalies. 
There were 56 operations performed on 
anomalous kidneys for various reasons with 
no mortalities. We attribute our success to 
the careful preoperative study of each case, 
the judicious selection of cases for operation, a 
well planned operation, adequate preoperative 
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and postoperative medical care, and good 
nursing. 


RENAL APLASIA AND HYPOPLASIA 


It is important to differentiate between 
renal agenesis, aplasia, and hypoplasia. Agen- 
esis infers a complete absence of kidney 
substance on the affected side and thus re- 
quires no surgical treatment. , Aplasia indi- 
cates a faulty developed kidney which is much 
smaller than normal and is composed of em- 
bryonic or calcified glomeruli or tubules. The 
hypoplastic kidney is well developed from an 
anatomic and histologic standpoint but is 
diminutive or infantile in size. The aplastic 
kidney can be easily distinguished from a 
hypoplastic kidney by microscopic examina- 
tion of the renal tissue. The differentiation 
can also be made before operation by func- 
tional (phthalein) tests. The hypoplastic 
kidney has a normal appearance time but 
excretes decidedly less than the normal 
amount per unit of time (1 to 3 per cent in 
Y% hour). This decreased function is insuffi- 
cient to sustain life if the entire secretory 
burden is thrust upon the hypoplastic kidney. 
The aplastic kidney is usually functionless. 

Renal aplasia is a rare anomaly. Campbell 
reported 9 cases in 13,000 necropsies (1 in 
1,444). Lisa and Levine observed only 1 in 
1,200 consecutive necropsies. Renal hypo- 
plasia is also a rare anomaly but occurs more 
frequently than aplasia. Geraghty and Plagge- 
meyer found 3 cases in 3,940 necropsies. 
Harbitz encountered 22 cases in 7,778 necrop- 
sies (1:350). The author noted 13 cases of 
congenital hypoplasia in 3,684 urologic pa- 
tients (1:283). 

The surgical treatment of the aplastic or 
hypoplastic kidney should never be under- 
taken before a careful preoperative study 
including functional tests has been made. By 
ascertaining the condition of the kidney on 
the opposite side, a surgical catastrophe can 
be prevented. The danger is readily apparent 
if vital functioning renal tissue is unwittingly 
incised or excised at operation in the presence 
of a hypoplastic or diseased kidney on the 
opposite side. By the same token, any con- 
servative or radical operation on a normally 
developed kidney may be extremely hazard- 


ous in the presence of an aplastic or hypo- 
plastic kidney on the opposite side. Eisen- 
drath collected 17 cases in which death fol- 
lowed nephrectomy as a result of the failure of 
the opposite hypoplastic kidney to develop 
sufficient reserve power. 

When the aplastic kidney is responsible for 
considerable discomfort or is the seat of a 
severe infection, the only treatment is ne- 
phrectomy. Surgery of the hypoplastic kid- 
ney should be conservative unless the kidney 
is severely infected or functionally impaired. 
Nephrectomy was performed in 6 of our 13 
cases; the pathological findings in these cases 
were severe pyelonephritis, 2 cases; pyone- 
phrosis, 2 cases; and pyonephrosis with calculi, 
2 cases. 


SUPERNUMERARY KIDNEY 


Supernumerary kidney has been recognized 
for many years and has been referred to by 
a variety of descriptive terms, i.e., double 
kidney, duplication or reduplication of the 
kidney, free or fused supernumerary kidney, 
fused kidneys, etc. The condition may be 
unilateral or bilateral. When two separate 
pelves are found to be free or fused on one side, 
the upper pelvis is usually rudimentary and 
the parenchyma is hypoplastic, whereas the 
lower pelvis is well developed and the paren- 
chyma possesses normal or near normal func- 
tion. When the two pelves are intimately 
adherent or fused together, the anomaly is 
known as a fused supernumerary kidney (Fig. 
1). The surface of such kidneys may be 
smooth and uniform or show a definite groove 
or constriction at the junction of the two 
segments. When the upper rudimentary seg- 
ment is distinctly separate and not connected 
in any way with the lower segment, the 
anomaly is considered as a true or free super- 
numerary kidney. The blood supply to each 
segment is entirely separate in the majority of 
the cases. 

The ureters in either anomaly may show a 
complete or incomplete duplication. When 
complete duplication is present, the ureter of 
the upper pelvis is straighter and narrower 
than its mate. Each ureter may have its own 
sheath, but both ureters are usually enclosed 
partially or completely in a common sheath. 
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The two ureters may cross one or more times. 
The situation of their orifices may vary but 
ordinarily they are found on or at the side of 
the ureteral ridge. The orifice of the ureter to 
the lower pelvis is most frequently found to be 
superior and lateral whereas that of the upper 
pelvis is medial and inferior. The incomplete 
duplication may vary according to the regions 
in which they divide. The common site of 
bifurcation is in the upper third and least 
often in the lower third. Occasionally in cases 
of complete duplication of the ureter leading 
to the upper pelvis there may be an ectopic 
opening which may be difficult to diagnose. In 
the female this ectopic opening may be found 
in the urethra, vestibule, vagina, fallopian 
tube, or uterus and may cause urinary incon- 
tinence. In the male, the ectopic orifice may 
be located in the posterior urethra, the vas 
deferens, or the seminal vesicle causing no 
incontinence but leading to obstruction and 
to infection. 

Fused supernumerary kidney is the most 
common renal anomaly. According to Camp- 
bell the incidence is 1 in 195 cases. Mertz 
recently analyzed a collected series of 316 
cases of fused supernumerary kidneys and 
found the condition to be bilateral in 27 per 
cent. Harpster, Brown, and Delcher reviewed 
382 renal anomalies and found 181 cases of 
unilateral fused supernumerary kidney with 
complete duplication of the ureters, 133 with 
incomplete unilateral duplication of the ure- 
ters and 4o bilateral fused supernumerary 
kidneys with complete duplication of the 
ureters. In the series of 3,684 urological pa- 
tients there were 54 cases of supernumerary 
kidney (1:70). The relative incidence of 
various types of supernumerary kidney in this 
study is indicated in Table I. The most fre- 
quent types encountered are the unilateral 
fused supernumerary kidney with complete or 
incomplete duplication of the ureters. On the 
other hand, free supernumerary kidney is one 
of the rarest anomalies. In 1937, Geisinger 
collected 40 cases which included 1 patient 
(free supernumerary kidney with ectopic 
urethral orifice in the vagina) operated upon 
in our clinic and added 2 personal cases. 
Campbell found this anomaly only once in 
26,480 necropsies. 


Supernumerary kidneys are prone to devel- 
op the same pathologic conditions as the 
normal kidney. Conservative methods may 
be employed to treat some conditions, such 
as infections, ureteral stricture, ureteral stone, 
etc. Operative treatment presents a distinct 
surgical problem in each individual case. The 
following factors may exert a considerable 
influence upon the choice of operation, viz.: 
(a) function of each segment of the anomalous 
kidney, (b) function of the opposite kidney, 
(c) degree of infection in each segment, and 
(d) condition and position of the ureters and 
their orifices. The chief indications for opera- 
tion are severe infections, calculi, tubercu- 
losis, and neoplasm. 

The following procedures have been em- 
ployed with varying degrees of success, viz.: 
(1) ligation of the ureter to the affected seg- 
ment, (2) transplantation of the ureter into 
the bladder or bowel, (3) lateral anastomosis 
of two ureters or implantation of one ureter 
into the other, (4) ureterolithotomy, pelvio- 
lithotomy or nephrolithotomy, (5) hemine- 
phrectomy, and (6) nephrectomy. 

The simplest operation is ligation of the 
ureter to the affected segment. Following this 
operation the parenchyma on the affected side 
undergoes atrophy and ceases to function. 
This operation should be reserved for cases in 
which there is no active infection in the in- 
volved segment which may be responsible for 
subjective symptoms of renal origin, i.e., pain, 
hypertension, sympatheticotonia, etc. 

Transplantation of the ureter into the 
bladder or bowel is an operation of necessity 
but never of choice. The operation is contra- 
indicated except in unusual circumstances, as 
when the anomalous kidney is the only kidney 
and pathologic conditions exist in the bladder 
or lower ureter preventing conservative opera- 
tive procedures. The same may be said of 
lateral anastomosis of both ureters and im- 
plantation of one ureter into the other. 

Ureterolithotomy, pelviolithotomy, and ne- 
phrolithotomy are indicated in cases of stone 
not associated with severe infection or marked 
stasis above the level of the stone. Conserva- 
tive operations under the latter circumstances 
may mean subjecting the patient to an un- 
warranted surgical risk. 
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When the disease process—stone, infection, 
or tumor—has caused marked impairment of 
function or extensive destruction of the par- 
enchyma, the operative procedure must be 
either heminephrectomy or nephrectomy, as 
the situation demands. Campbell has per- 
formed 23 heminephrectomies for various 
pathologic lesions with only 1 death. He has 
admirably described the technique and indica- 
tions for a one or two stage heminephroure- 
terectomy. He has strongly emphasized the 
importance of the careful selection of cases in 
order that the remaining segment should not 
prove too small or become functionless and 
thus subject the patient to the hazards and 
risk of a secondary nephrectomy. Hemine- 
phrectomy is indicated when the involved 
segment is hopelessly destroyed' and the re- 
maining segment possesses good function, 
i.e., more than one-half of the combined 
function of the anomalous kidney and equiva- 
lent to at least one-half the function of a 
normal kidney. The operation is feasible 
when there is sufficient tissue between the two 
segments to permit division, and the blood 
supply to the remaining segment can be pre- 
served intact. Partial or complete ureterec- 
tomy must accompany the heminephrectomy. 
The length of ureter to be removed depends 
upon the nature of the pathologic process in 
ureter and condition of the patient (Fig. 2). 
In 1937, the author had occasion to review 
the literature in regard to resection of the 
normal kidney (partial nephrectomy) and 
heminephrectomy of a double kidney. The 
total number of heminephrectomies reported 
up to date were 121 cases to which the author 
added 2‘cases. In this series there were only 
3 operative mortalities. The operation was 
performed for an ectopic ureter (30 cases), 
hydronephrosis (21 cases), hydronephrosis 
with renal calculi or ureteral calculi (7 cases), 
infected hydronephrosis (12 cases), pyone- 
phrosis (11 cases), calculous pyonephrosis (11 
cases), pyelonephritis (14 cases), tuberculosis 
(6 cases), neoplasm (2 cases), chronic nephritis 
(1 case), renal calculus with cortical abscesses 
(1 case), cystic disease (1 case), and undeter- 
mined (3 cases). A postoperative urinary 
fistula occurred in 6 cases. A secondary 
nephrectomy was required in 7 cases. 
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Nephrectomy is indicated when the disease 
process in one segment is of a neoplastic or 
tuberculosis nature. It is also indicated when 
abnormalities in the shape of the kidney and 
its blood supply militate against a successful 
resection of one segment (Fig. 3). 

In the 54 clinical cases reviewed by the 
author, operative treatment was successfully 
employed in 17 cases. Nephrectomy was per- 
formed for pyonephrosis in 3 cases; hydrone- 
phrosis complicated by ureteral stone or stric- 
ture, 2 cases; pyelonephritis, 2 cases; tubercu- 
losis, 1 case. Heminephrectomy was employed 
in 2 cases, namely: (1) removal of upper half 
of right double kidney with complete dupli- 
cation of ureters for chronic pyelonephritis 
and stone in the affected kidney segment and 
(2) removal of upper half of a left double 
kidney for pyonephrosis in a patient with 
bilateral fused supernumerary kidneys with 
bilateral complete duplication of the ureters. 
Ligation of the ureter leading to the upper 
rudimentary segment of a unilateral fused 
kidney with complete duplication of the ure- 
ters was carried out in 3 cases for nephralgic 
pain (sympatheticotonia) and in 1 case for 
chronic pyelonephritis associated with hyper- 
tension. Ureterolithotomy, nephropexy, and 
ligation of an anomalous blood vessel causing 
hydronephrosis were performed in single cases. 


HORSESHOE KIDNEY 


Horseshoe kidney is one of the common 
renal anomalies. Campbell found 60 cases in 
26,480 necropsies (1:440); the condition was 
more frequently observed in children (1:335) 
than in adults (1:600). Motzfield reported 92 
cases in 73,489 necropsies (1:719). A horse- 
shoe kidney was encountered in 8 cases in my 
series of 3,684 urological patients (1:460). 

This anomalous kidney is subject to the 
same diseases as the normally developed kid- 
ney. The pathologic changes associated with 
urinary stasis are more frequently noted in 
this anomaly than in the normally developed 
kidney. This is due to interference with 
drainage from the pelvis and ureter which may 
be caused by abnormal rotation of the pelves, 
lateral exit of the ureter from the pelvis, and 
compression of the ureter over the isthmus or 
by anomalous blood vessels (Fig. 4). 
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lig. 1. Bilateral pyelograms. Bilateral fused supernu- 
merary kidneys with bilateral complete duplication of the 
ureters. A stone is present in the lower end of the right 
ureter leading to the upper rudimentary segment of the 
right kidney and was removed cystoscopically. (S.S., female, 
52 years.) 

The indications for operative treatment of 
horseshoe kidney are essentially the same as 
they are for the normally developed kidney. 
Before any operation is undertaken on a horse- 
shoe kidney, particularly removal of one-half, 
each case must be carefully studied from a 
pyelographic and functional standpoint. The 
importance of such study is borne out by an 


observation of Waltersand Priestley whofound . 


an atrophic kidney incapable of sustaining life 
on one side of a horseshoe kidney. The most 
carefully planned operation on a horseshoe 
kidney may of necessity be altered by the 
anatomic and pathologic changes encountered 
at operation. 

irom a surgical standpoint, the patients 
with horseshoe kidney may be classified into 
two main groups, viz.: (1) those with patho- 
logic lesions and symptoms of renal origin and 
(2) those with subjective symptoms of renal 
origin but with little or no pathologic changes 
—the so-called “‘horseshoe kidney disease”’ of 
Gutierrez. The first group may be subjected 
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Fig. 2. Sketch of operative technique in heminephrec- 
tomy. (J. L., female, 33 years. Calculus in upper half of 
right fused supernumerary kidney with complete duplica- 
tion of ureters.) A, Capsule retracted off the rudimentary 
kidney to be resected. Blood supply to this segment 
ligated. Ureter ligated. B, Wedge shape excision of upper 
segment. Hemostasis by interrupted mattress sutures 
which were underpinned with fat at each end of the sutures. 
(The pieces of fat were omitted by the artist.) C, Closure 
of capsule over the cut surface of the kidney. 


to any operation performed on a normally 


developed kidney. In 1932 Walters and 
Priestley reported 50 cases in which patients 
were treated surgically which included ne- 
phrectomy, 16 cases; pelviolithotomy, 14 
cases; nephrolithotomy, 2 cases; nephroureter- 
ectomy, 2 cases; division of an aberrant vessel, 
I case; excision of cyst, 1 case; and division of 
the isthmus, 1 case. The second group of pa- 
tients is usually treated by division of the 
isthmus with restoration of one or both 
segments to their normal anatomic position by 
rotation and nephropexy. 

When the disease process is confined to one 
half of the organ, any conservative operation 
can be performed as in the normal developed 
kidney. When the disease process has rendered 
one-half of the organ functionless or has 
destroyed the parenchyma, this half of the 
kidney may be removed provided the remain- 
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Fig. 3. Drawing of operative specimen. Right fused supernumerary kidney with 
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kidney. 
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complete duplication of ureters. Stone in upper third of ureter leading to lower renal 
segment removed 6 months prior to nephrectomy. Impermeable stricture at site of 
ureterolithotomy incision. Primary hydronephrotic atrophy of lower segment and 


ing half has adequate function. The latter 
operation has been termed a heminephrectomy 
but as the amount of tissue removed is equiva- 
lent to a normally developed kidney, the 


Fig. 4. Bilateral pyelograms 3 months after pyelolithot- 
omy showing pyonephrosis of left half of horseshoe kidney 
in same patient as in Figure 5. (A. L., male, 27 years. Left 
half of horseshoe kidney removed.) 


abscess in lower portion of the upper segment. (R. H., male, 41 years.) 


term resection or excision of one-half of a 
horseshoe kidney appears to be more accurate. 
The accepted treatment for the cases of 
horseshoe kidney with symptoms of renal 
origin with little or no pathologic changes is 
division of the renal isthmus (symphysiotomy ) 
followed by rotation and suspension of one or 
both halves of the organ. Prior to 1930, this 
operation has been performed on 12 occasions 
by various European surgeons. This opera- 
tion has been popularized in this country by 
Donohue, Foley, and Gutierrez. In 1940 
Foley collected 19 cases from the literature 
and added 7 personal cases. During the opera- 
tion, care must be exercised to free the ureters, 
pelvis, and parenchyma from any fibrous 
bands or adhesions and to ligate any aberrant 
vessels which may interfere with rotation and 
suspension of the segment. The Deming 
method of nephropexy is preferred whenever 
possible, since it is simple to execute and ob- 
viates the use of intrarenal sutures. 
Hemostasis after division of the isthmus 
depends upon the nature of the tissue con- 
necting the two halves. When the isthmus is 
composed of fibrous tissue, simple ligation 
suffices. When the isthmus is composed of 
renal tissue, hemostasis may be accomplished 
by utilizing either a through-and-through 
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Fig. 5. Drawing of operative technique in removing left half of horseshoe kidney. 
(A. L., male, 27 years.) At the right, kidney is exposed through left lumbar incision. 
At the upper left, rubber covered pedicle clamp is applied to isthmus prior to excising 
left half of horseshoe kidney by wedge shaped incisions. At the lower left, hemostasis 
is obtained by use of continuous through-and-through Tuffier sutures with mattress 
sutures at each end. Each suture is underpinned with fat after the method of Beer- 


Hagenbach. 


Tuffier suture or interrupted mattress sutures 
of Beer-Hagenbach type. In some cases, when 
the operation is beset with formidable ana- 
tomic difficulties, hemostasis must be obtained 
by applying curved hemostats for 3 to 5 days 
(Fig. 5). 

Operations on horseshoe kidneys should be 
performed extraperitoneally through a lumbar 
or lateral abdominal incision. In the author’s 
series of 8 cases, operative treatment was 
carried out in 5 cases. Pyelolithotomy was 
employed in 3 cases. Removal of one-half of 
the horseshoe kidney was performed in 2 
cases: calculous pyonephrosis and hyperne- 
phroma (Fig. 6). 


SIGMOID KIDNEY 


Sigmoid kidney is one of the rarest types of 


renal anomalies. Young distinguishes two 
types of sigmoid kidney: (a) the true sigmoid 
kidney —each kidney on the correct side of the 
body but the fused portion is situated in the 
midline of the body, and (b) the unilateral 
elongated (or fused) kidney—both kidneys 


Fig. 6. Preoperative bilateral pyelograms in the case of 
a horseshoe kidney. Defect in lower calyces of right half 
of horseshoe kidney caused by hypernephroma. Arrow 
points to the outline of a tumor mass in right half of horse- 
shoe kidney. Incomplete filling of pelvis of left half. (H. S., 
male, 53 years.) 
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Fig. 7. Pyelograms in the case of a unilateral elongated 
kidney of sigmoid variety (I. A., male, 36 years). The 
calculus, situated in the upper calyx of the lower crossed 
dystopic kidney, was removed by pyelolithotomy. 


fused on the same side of the body—a crossed 
dystopia. The incidence of sigmoid kidney in 
necropsy studies varies considerably: Morris 
cites 1 in 15,908, Stewart and Lodge 1 in 
6,500, Thompson and Allen 2 in 10,373 and 
Campbell 3 in 12,080—a composite ratio of 
1in 6,409. In 1932, Pierson collected 118 cases 
from the literature and added a personal 
case. 

Surgical treatment of this anomaly depends 
upon the nature of the pathologic process. 
The malformation, per se, requires no opera- 
tion unless infection, stone formation, or 
tumor is superimposed or unless the anomaly 
produces subjective symptoms of renal origin. 
Pyelonephritis should be treated by chemo- 
therapy first and supplemented by catheter 
drainage and lavage of the pelvis, if necessary, 
as in the case of a similar infection in the 
normally developed kidney. 

Operative treatment usually consists of 
pyelotomy or nephrolithotomy for calculus, 
ligation of anomalous vessels and _ ureteroli- 
thotomy. Division of the isthmus (symphysi- 


Fig. 8. Bilateral pyelograms showing left congenital 
pelvic kidney of crossed dystopic variety situated over 
right sacroiliac joint. Right kidney normal. Left kidney 
removed for chronic pyelonephritis. (B. B., male, 52 years.) 


otomy) is rarely performed due tothe anatomic 
disfiguration associated with this anomaly. 
Foley recently reported a case of unilateral 
elongated kidney successfully treated by divi- 
sion of the isthmus and unilateral nephropexy. 
Removal of one-half of a sigmoid kidney is 
seldom performed due to the bizarre parenchy- 
mal and vascular abnormalities. Operations 
on a sigmoid kidney are usually performed 
through a lumbar or lateral abdominal incision 
which permits adequate extraperitoneal ex- 
posure. 

pyelolithotomy was successfully per- 
formed through a lateral Gibson incision in 
the author’s case (Fig. 7). 

RENAL ECTOPIA 

The ectopic kidney is a congenitally mis- 
placed kidney which has failed to ascend to its 
normal position. It is usually found within 
the true pelvis or at the level of the sacral 
promontory. The blood supply of the ectopic 
kidney is derived from the adjacent large ves- 
sels. It is to be distinguished from the acquired 
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dystopic kidney (nephroptosis) whose variable 
mobility may be due to intrinsic or extrinsic 
factors. The congenital ectopic kidney is 
usually unilaterally displaced on the side that 
it normally belongs, but occasionally may be 
of the crossed dystopic variety as noted in one 
of the author’s cases (Fig. 8). The latter type 
has been estimated by Beer and Hyman as 1 
in 8,000 cases. Bilateral renal ectopia is ex- 
tremely rare and occurs once in 22,400 cases 
according to Stevens. 

Clark observed that a pelvic ectopic kidney 
of either the unilateral or bilateral variety 
occurred in 13 of 4,215 consecutive necropsies. 
In 1911, Dorland collected 121 clinical cases of 
ectopic kidney. Guizzetti and Pariset found 
18 cases in 20,000 necropsies. Thomas and 
Barton reported the incidence of congenital 
ectopic kidney as 1 in 822 necropsies. Camp- 
bell’s figures are in accord with the latter’s 
finding, namely, 15 cases in 12,080 necrop- 
sies (1:800). 

The author encountered 8 cases of congen- 
ital ectopic kidney in 3,684 urological patients 
(1:460). Seven of these patients had a con- 
genital pelvic kidney, 6 were of simple dys- 
topic variety, and 1, a crossed dystopia. 

It is generally recognized that slight degrees 
of congenital displacements are not unusual 
but marked degrees of displacements are 
relatively rare. Congenital pelvic kidneys are 
frequently associated with other congenital 
malformations, especially in the genital tract 
in the female. The ectopic kidney may be 
structurally and functionally normal and con- 
sequently never gives rise to symptoms. How- 
ever, since the congenital ectopic kidney and 
ureter are malformed, they are susceptible to 
the same disease processes as the normally 
situated kidney. Strater reported 12 cases of 
hydronephrosis in 6 pyonephroses in a series of 
27 cases. Pyelonephritis, calculi, tuberculosis, 
hypernephroma, and sarcoma have also been 
reported. Pain and hematuria have been two 
of the most outstanding symptoms in the 
author’s series. A pelvic ectopic kidney in the 
female may suffer serious impairment of func- 
tion by the increased pelvic pressure of the 
enlarging uterus. On the other hand the 
pelvic ectopic. kidney may interfere with 
normal delivery and necessitate cesarean sec- 
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tion. Cases have been reported in which a 
pelvic ectopic kidney has been erroneously 
diagnosed as a uterine fibroid tumor or an 
ovarian tumor the true nature of which was 
revealed at exploratory operation. Not infre- 
quently the appendix, tubes, or ovaries have 
been removed for pain produced by the 
ectopic kidney. 

The treatment of the various pathologic 
conditions in the ectopic kidney is essentially 
the same as in the normally situated kidney. 
Pyelonephritis and small calculi in the pelvis 
and ureter may be treated by the same con- 
servative methods outlined for the other 
anomalies. Operations to replace the ectopic 
kidney in a more favorable position have been 
attempted but are always unsuccessful due to 
the abnormally short ureter, firm fixation of 
the kidney, and its abnormal vascular supply 
derived from the regional vascular trunks. If 
the disease process in the ectopic kidney has 
produced a serious impairment in function or 
marked destruction of the parenchyma or is 
accompanied by severe hematuria or consider- 
able pain which cannot be corrected by 
palliative measures, nephrectomy is obviously 
indicated provided there is a healthy kidney 
on the opposite side. 

When the ectopic kidney is situated in the 
true pelvis, operative treatment can be per- 
formed either by the transperitoneal route 
through a suprapubic midline incision or, 
preferably, by the extraperitoneal approach 
through a lateral Gibson incision. When the 
kidney is situated at the level of, or slightly 
above, the sacral promontory, the operation 
can be carried out extraperitoneally through a 
lateral Gibson or Mayo incision. 

Nephrectomy was successfully performed in 
4 cases through a lateral Gibson incision. 
Three cases were of the simple dystopic va- 
riety and 1, a crossed dystopia. The kidney 
was removed because of severe persistent 
hematuria (1 case), recurrent pain associated 
with hydronephrosis (1 case), pyelonephritis 
(1 case), and pyelonephritis, pyonephrosis, 
and renal calculus (1 case). 


SUMMARY AND CONCLUSIONS 


It is readily apparent that any clinical de- 
ductions, which are based on the analysis of a 
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relatively small series of renal anomalies 
treated surgically, must necessarily be guarded. 
However, when this knowledge is supple- 
mented and substantiated by the observations 
and results of competent surgeons in this 
country and abroad as noted in a review of the 
literature, the evidence appears to be sufficient 
to warrant the following conclusions: 

1. Congenital anomalies of the kidney are 
susceptible to the same pathologic complica- 
tions as is the normally developed kidney. 

2. Complete urological examination, i.e., 
cystoscopy, ureteral catheterization, retro- 
grade pyelography, intravenous urography, 
and renal functional tests, is of inestimable 
value in the diagnosis and treatment of renal 
anomalies. 

3. The possibility of a renal anomaly must 
be borne in mind by the urologist and surgeon 


in patients with an obscure abdominal, pelvic, 


or retroperitoneal mass and in patients with ill 
defined symptoms of renal origin. 

4. The treatment of pathologic complica- 
tions in the anomalous kidney depends not 
only upon the type of anomaly but also upon 
the character of the symptoms and the extent 
of the renal damage and functional impair- 
ment. 

5. Asymptomatic patients who present no 
renal pathology require no treatment. Such 
patients should be informed of the condition 
and advised to return for re-examination at 
frequent intervals. 

6. The successful surgical treatment of an 
anomalous kidney demands an orderly plan of 
operation, viz: (1) proper surgical approach, 
i.e., extraperitoneal operation through a lum- 
bar or lateral abdominal incision; (2) careful 
attention to the vascular supply; (3) accurate 
hemostasis of parenchymal incisions; (4) proper 
disposition of the ureter; (5) adequate drain- 
age of the kidney and renal fossa; and (6) 
accurate closure of the operative wound. 

7. The success or failure of the operative 
treatment of anomalous kidneys, particularly 
in children, is considerably influenced by the 
proper medical treatment of constitutional 
defects and by good nursing in the preopera- 
tive and postoperative periods. 

The operative results which were obtained 
in the 56 cases of renal anomalies were uni- 


formly good. There were no deaths in this 
series of cases. 


By adhering to the principles indicated 


herein and by adopting the precautions men- 
tioned, many unnecessary abdominal and 
renal exploratory operations will be avoided. 
For the same reasons, many anomalous kid- 
neys which hitherto have been needlessly and 
unwittingly sacrificed will be saved. 


A simple classification of renal anomalies 


modified after Young is presented in order 
to clarify the types of renal anomalies from a 
structural standpoint and to avoid the confu- 
sion arising from the use of various non- 
descriptive terms. 


. HAwTHorRNE, A. B 
. Hryman, F. Principles and Practice of Urology. 
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N 1931 in the surgical clinic of the Uni- 
versity Hospital an intensive study of 
some of the problems relating to carci- 
noma of the rectum and rectosigmoid 

was begun in an attempt among other things 
to evaluate the various forms of treatment and 
to standardize the operative procedures inso- 
far as possible. The principles, enunciated by 
Miles (12) as the result of his painstaking re- 
searches into the modes of spread of this dis- 
ease, seemed to make abdominoperineal resec- 
tion the only logical procedure if an appreci- 
able number of cures was to be expected. Our 
early experiences with this radical type of 
resection soon convinced us that in our hands 
a one stage operation was preferable to any 
carried out in multiple sessions, many opinions 
to the contrary notwithstanding. From the 
technical standpoint the single stage proce- 
dure proved to be considerably easier than the 
second half of the two stage operation and 
when the patient had been properly prepared 
and rehabilitated, we concluded that it could 
be carried out with a mortality no higher than 
that associated with equally radical multi- 
stage methods, except perhaps in the unusual 
case. In 1936 we (5) published the results of 
our observations in this matter, the study 
comprising a period of 5 years during which 
time we had had the opportunity of studying 
270 patients with rectal cancer. The operabil- 
ity in this first series of cases was 49 per cent 
whereas the operative mortality for the one 
stage combined abdominoperineal resection 
was 16.5 per cent. Since this original report 
was made as experience has increased, we find 
that our views as to the major and fundamen- 
tal problems involved have changed but little, 
and we are now more than ever convinced that 
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in our hands the single stage operation is the 
one of choice with but few exceptions. 

The present report is concerned with the 
group of patients with cancer of the rectum 
and rectosigmoid observed during the 6'% 
year period from January 1, 1936 to July 1, 
1942. During this time 571 patients were seen 
in consultation. Instances of rare rectal neo- 
plasms, e.g., leiomyosarcoma, lymphoblas- 
toma, and melanoblastoma, as well as of rectal 
endometriosis are not included in the study. 
In the group there were 352 males (61.6,) 
and 219 females (38.4%). The oldest patient 
was 82 and the youngest 22, the average age 
for the series being 56.2 years. The diagnosis 
in all cases was made by means of the usual 
examinations, i.e., digital palpation, sigmoid- 
oscopy, with barium contrast enema studies 
when indicated. Histologic confirmation of 
the diagnoses was obtained by means of biop- 
sy. With regard to the latter procedure we 
are in agreement with the statement of Hay- 
den and Shedden that in rectal or rectosig- 
moid carcinoma biopsy is always advisable 
and never harmful. We have not been aware 
of harm coming from a carefully taken biopsy. 
Accidents or deleterious effects resulting from 
the procedure are usually due to errors in 
technique in unskilled hands. The advantages 
of a microscopically verified diagnosis are ob- 
vious and not infrequently the information 
obtained by biopsy is revelatory as in the case 
of certain inflammatory lesions, lymphoblas- 
toma, endometriosis etc., when a patient may 
thereby be spared a mutilating operation. In 
the case of large adenomatous polyps one or 
even several negative biopsy studies should 
not be accepted as final proof of benignity. 
On several such occasions adenocarcinoma 
was discovered only after the entire polyp had 
been removed and the whole specimen exam- 
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ined by the pathologist. Since adenomatous 
polyps are potentially malignant, complete 
removal is demanded once the diagnosis is 
made, and if this practice were universally 
carried out, many rectal cancers would be pre- 
vented since the evidence available at the 
present time indicates that the great majority 
of rectal carcinomas develop upon the basis 
_ of pre-existing polyps. 

As in our earlier series, a certain number of 
patients were referred for diagnosis only, re- 
fused any form of treatment, or went else- 
where for care. Sixty-three patients fell into 
this category and will not be considered furth- 
er. There remained 508 patients for whom 
treatment was recommended and carried out 
or who, after careful appraisement from all 
standpoints, were judged to be beyond the 
reach of curative or palliative therapy and 
who were therefore given only supportive or 
symptomatic treatment. 


PALLIATIVE OPERATIONS AND CONSERVATIVE 
THERAPY 


Of the aforementioned 508 patients who en- 
tered the hospital for detailed investigation 
and treatment, 286 were regarded as unsuit- 
able subjects for radical operative procedures 


(Table I). In most instances inoperability was 
accounted for by far advanced lesions with 
metastases, and for these patients only pallia- 
tive measures could be offered. Thirty-seven 
patients, or 7.3 per cent of those entering the 
hospital for study, were regarded as hopelessly 
inoperable and in the absence of obstruction 


received no definitive treatment. Three of 
these patients had already had colostomies 
performed prior to entry. Among the more 
common contraindications to operation relat- 
ing to the neoplasm were pulmonary, skeletal 
or extensive hepatic metastases, ascites, recto- 
vaginal and ileosigmoidal fistula, or a large 
mass firmly fixed in and filling the pelvis. The 
general contraindications to operation most 
commonly encountered, were in addition to 
the ordinary ones, i.e., cardio-renal-vascular 
disease, pulmonary tuberculosis or pulmonary 
suppuration and obesity, such disorders as in- 
sanity, low renal function due to absence of 
one kidney (previous nephrectomy) and asso- 
ciated severe chronic ulcerative colitis. In ad- 


395 
TABLE I.—RADICAL OPERATION NOT PERFORMED 


Not treated 

Inoperable—no treatment advised 

Exploratory laparotomy 

Cauterization, radium or x-ray (in conjunction with 
colostomy—8) 

Local excision polyp 

Cecostomy 

Colostomy 


dition several instances of multiple malignant 
neoplasms were encountered, e.g., associated 
advanced carcinoma of the cervix uteri, ovary, 
breast, cecum, and transverse colon. More- 
over, in 2 patients the presence of a cutaneous 
melanoblastoma with metastases served as a 
contraindication to operative treatment of the 
rectal cancer. Peritoneoscopy was employed 
in many of these cases and often proved to be 
of valuable assistance in the final decision re- 
garding management of the case by disclosing 
extensive hepatic metastases or peritoneal im- 
plants, addenda indicating that palliative sur- 
gery would be scarcely worth while. That the 
37 patients in the inoperable group were in a 
hopeless state is attested to by the fact that 
12, or 35.1 per cent of them, died in hospital. 

Seven patients with doubtfully operable le- 
sions were subjected to exploratory laparot- 
omy. Five of these patients had already had 
simple loop colostomies performed elsewhere 
at an earlier date. One patient died of bron- 
chopneumonia (necropsy) following explora- 
tion only, making an operative mortality of 
14.3 per cent for this small group. 

At the time of hospital admission 7 patients 
exhibited high grade intestinal obstruction and 
cecostomy was necessary as an emergency life- 
saving measure. All of these patients had 
hopelessly inoperable neoplasms and cecos- 
tomy for decompression was the only proce- 
dure justified and it constituted a desperate 
attempt at relief of the obstruction. Five of 
these patients died following cecostomy, thus 
making a hospital mortality of 71.4 per cent. 

Twenty-five patients were treated by surgi- 
cal diathermy, cauterization, x-ray, radium, 
or combinations of these agents. There was 
1 hospital death associated with this form of 
treatment 3 weeks after treatment had been 
completed (? coronary occlusion — no nec- 
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TABLE II.—COLOSTOMY ONLY PERFORMED 


Cases 
(Death before second or second stage abandoned 
because of poor condition) 
Palliative colostomy 


Local lesion operable but hepatic metastases. ... . 14 
Local lesion operable—liver free................ 55 
Locally inoperable with hepatic metastases. .... . 39 
Abdominal carcinomatosis..................... 17 
General peritonitis due to perforation........... I 


Mortality—17.4 per cent 


ropsy). While it is generally agreed that this - 


type of therapy is inferior to surgery, it prob- 
ably has a limited place in our armamentarium. 
Although it is difficult to formulate the in- 
dications for this conservative type of treat- 
ment,wehave employed it undercertaincircum- 
stances,as illustrated by thefollowingexamples: 

1. Intensive deep x-ray therapy was used 
in tumors of undifferentiated cell type in cer- 
tain of the younger patients who were in rea- 
sonably good physical condition and whose 
lesions were not resectable because of massive 
invasion of the perirectal structures but in 
whom distant metastases could not be demon- 
strated. In general the results in these cases 
were disappointing and the questionable short 
extension of life compared with the time, ex- 
pense, and discomfort attendant upon treat- 
ment seemed to make it of questionable value. 
The end-results were essentially the same with 
and without a complementary colostomy. The 
only advantage of the colostomy is in the pres- 


ence of obstruction and the fact that the find-. 
ings at laparotomy are often necessary to de-~ 


termine the exact status of the disease. 

2. In a few patients with favorable lesions 
who refused any type of operative procedure 
these agents were employed usually against 
better judgement, since treatment of this type 
can hardly be considered as curative. 

3. A small group of patients with serious 
physical defects, or who because of age or obes- 
ity were unfit for surgical procedures was 
advised to have this form of treatment. To 
our knowledge the best results achieved from 
the use of these physical agents were in those 
patients with rather favorable or small oper- 
able lesions. In several cases under radium 


SURGERY, GYNECOLOGY AND OBSTETRICS 


therapy, the lesion was observed to diminish 
in size and subsequently when microscopic 
examination of the tissue was carried out by 
the pathologist (death sometime later from 
other cause—necropsy), the presence of living 
cancer cells was debatable. In spite of the ini- 
tial subsidence in the activity of the neoplasm, 
the clinical improvement is most often of brief 
duration, and any favorable response will usu- 
ally be but temporary. In general all of these 
methods are purely palliative and they should 
be employed only when the appropriate surgi- 
cal therapy is clearly contraindicated. 

In three instances biopsy material taken 
from what seemed clinically to be a benign 
adenomatous polyp revealed the existence of 
a very early adenocarcinoma. Each of these 
patients was treated by complete excision of 
the polyp with thorough cauterization of the 
base. While such treatment may involve a 
somewhat greater danger of recurrence, the 
method has seemed permissible in these excep- 
tionally early lesions in order, temporarily at 
least, to avoid a colostomy. Obviously pa- 
tients so treated should report frequently for 
check-up examinations in order to determine 
promptly the presence of any recurrence. In 
1 case abdominoperineal resection was ne- 
cessitated 4 years later because of recurrence 
following the local excision of the cancerous 
polyp. Another patient following such local 
removal later developed early carcinoma in a 
second adenomatous polyp but without recur- 
rence at the site of the original lesion. The 
same form of treatment was again employed. 

In 144 cases simple loop colostomy only was 
performed (Table ITI). In 140 it was a pallia- 
tive operation performed for nonresectable le- 
sions, whereas in the 4 remaining cases it con- 
stituted the first stage of a proposed two stage 
resection (method of Lockhart-Mummery). 
Three of these 4 patients died following the 
colostomy before the second stage could be 
undertaken while in the remaining case the 
condition following colostomy was such that 
plans for a second stage were abandoned. The 
incidence of palliative colostomy among pa- 
tients hospitalized was 27.8 per cent. The 
mortality for simple colostomy remains dis- 
turbingly high, as evinced by the fact that 
there were 25 operative deaths in 144 opera- 
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TABLE III.—OPERATIVE DEATHS FOLLOWING 
COLOSTOMY 
With Without 
necropsy necropsy 
No. of No. of 
Cause of death cases cases 
. Peritonitis—pelvic abscess, etc 4 
. Pulmonary sepsis—pneumonia, ate- 
lectasis, etc 
. Cancer cachexia 
. Cardiovascular accidents 
5. Pulmonary embolism 
. Peritonitis and pulmonary embolism 
. Perforation of cecum (2d primary 
carcinoma) 
. Intestinal obstruction 
. Pulmonary tuberculosis 


9 
144 cases, 25 deaths; mortality, 17.4 per cent 


tions, a mortality of 17.4 per cent. This figure 
is slightly lower than in the series previously 
reported as, at that time, the mortality for 
colostomy was 22 per cent. The causes of 
death are given in Table III. As will be noted, 
infection in the peritoneal cavity or the late 
sequelae of such infections accounted for most 
of the deaths whereas cardiovascular accidents 
including pulmonary embolism were second in 
importance. In the absence of obstruction it 
is doubtful whether colostomy adds greatly to 
a patient’s comfort. When severe tenesmus 
or bleeding is present diversion of the fecal 
stream may be worth while but whether it 
should be advocated as a routine procedure in 
frankly inoperable cases is extremely doubtful. 
Babcock is of this same opinion and reports a 
mortality of 30 per cent for simple colostomy 
in cases of far advanced rectal cancer. 

Since in many instances the final decision 
regarding resectability must be made at the 
time of laparotomy it has been our practice to 
prepare carefully every patient of this type as 
for the complete operation. If at the time of 
exploration an inoperable situation is encoun- 
tered, colostomy is usually performed utilizing 
the same lower left rectus incision for the ex- 
teriorization of the sigmoid loop in order to 
avoid the necessity of a possible second lapa- 
rotomy for the relief of obstruction at a later 
date. Stone has suggested precolostomy in 
these cases, the bowel being implanted in the 
wound to be opened by puncture later if and 
when it becomes necessary. With this expe- 
dient we have had no experience. In general 


TABLE IV.—RADICAL OPERATIONS 
Sex incidence 
No. of cases Per cent 


164 57-5 
121 42.5 


100.0 


Per cent 
2.8 


9.1 
22.1 


33-7 
28.8 


3:5 
100.0 


Oldest patient 
Youngest patient 


Average age 54.5 years 


TABLE V.—RADICAL OPERATIONS 


One stage combined abdominoperineal resection. .. . 
Two stage combined abdominoperineal resection... . 
Colostomy and perineal excision 

High colostomy with perineal excision and anasto- 


Resections performed in 56.1 per cent of cases. 


with the known short life expectancy and the 
high mortality of colostomy in the terminal 
stages of rectal cancer, and the questionable 
benefits afforded by the operation, the trend 
in our clinic has been to employ it much less 
frequently than formerly. After observing the 
subsequent course of many of these patients, 
one agrees with the philosophy of the late 
Daniel Fiske Jones (9) who urged removal of 
the tumor whenever possible since ‘‘the condi- 
tion of patients after removal of the growth 
and a colostomy cannot be compared with the 
physical discomforts, displeasures, and mental 
effect which follows a simple colostomy.” 
Radical resections were performed in 285 
cases, or 56.1 per cent of the cases (Table V). 
Extirpation of the lesion was accomplished by 
means of combined abdominoperineal resec- 
tion in 274 cases, or 96 per cent of the re- 
sections. Colostomy with posterior excision 
was employed nine times and high colostomy 
followed by perineal excision and primary su- 
ture anastomosis twice. While abdominoperi- 
neal resection is admittedly the procedure of 
choice for tumors situated at, or distal to, the 
rectosigmoid junction, nevertheless, in any 
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Age incidence 
Age No. of cases | 
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large series of cases, a certain few instances 
will be encountered in which the risk of such 
a procedure is unjustifiable and for these pa- 
tients in poor general condition due to age, 
obesity, or other causes some compromise must 
be accepted. The 9 patients treated by the 
Mummery type of operation were of this type 
and had low lying lesions and for them the 
more radical procedures were considered too 
hazardous. It will be noted that this proce- 
dure was employed in only 3.2 per cent of the 
resected cases as compared with its use in 6.6 
per cent in the series of cases previously re- 
ported. That the Mummery type of operation 
is not a proper one for general use goes without 
saying. In addition to being unsufficiently 
radical in so far as removal of the lymph nodes 
involved in the zone of upward spread is con- 
cerned, the colostomy associated with this 
operation has most of the disagreeable features 
of the simple loop or double barrelled colos- 
tomy employed as a palliative procedure. It 
is difficult to care for because of its size, and 
there continues to be a profuse discharge of 
mucus from the distal end of the divided bowel, 
and only too frequently a mucus perineal fis- 
tula ensues. Because of these troublesome fea- 
tures in a small group of our own patients who 
had done well for sometime following this type 
of operation, we were prompted to remove this 
lower blind segment of bowel at a later date. 
Such an operative procedure was also per- 
formed upon 4 patients who had had the Mum- 
mery type of operation elsewhere and inter- 
estingly enough in 2, positive lymph nodes 
were discovered upon microscopic examination 
of the specimen removed. In the group of 9 
patients treated by colostomy and perineal ex- 
cision there were 2 operative deaths. One was 
due to postoperative hemorrhage from the pos- 
terior wound in an elderly man who promptly 
succumbed following a moderate blood loss. 
The other patient died from a residual sub- 
diaphragmatic abscess consequent upon peri- 
tonitis after a prolonged hospital sojourn. The 
2 patients treated by high temporary colos- 
tomy and perineal excision and anastomosis 
were so treated at their urgent insistence to 
avoid a permanent colostomy. The fact that 
both developed recurrences within a year has 
dampened our enthusiasm for the procedure. 
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Five patients were treated by the two stare 
combined abdominoperineal resection. Tie 
technique employed was essentially that ce- 
vised by Lahey and described in detail |»y 
Cattell. There were 2 deaths, 1 accounted /or 
by a severe wound infection and 1 from pneu- 
monia. This operation was elected under the 
following circumstances: (1) when in spite of 
adequate preparation, at the time of operation 
there was still a considerable degree of large 
bowel obstruction; (2) when during the course 
of a proposed one stage operation, perforation 
accidentally occurred in the lower segment fol- 
lowing transection of the sigmoid; (3) in the 
presence of a pelvic abscess due to a subacute 
perforation of the lesion, drainage being insti- 
tuted at the first stage; (4) when laparotomy 
was performed for the removal of uterine fi- 
broids and an unsuspected carcinoma of the 
rectosigmoid was encountered, the meticulous 
preparation of the- bowel ordinarily employed 
prior to radical operations on the colon and 
rectum having been omitted. 

The remaining 269 resections were performed 
by the Miles technique, the essential features 
of the operation being the same for all cases. 


DETAILS OF OPERATION 


1. Preliminary preparation. Patients re- 
mained in the hospital on an average of 5 to 7 
days prior to surgery. During this time the 
necessary supplemental examinations regard- 
ing cardiac status, renal function, etc., were 
made. Nutritional disorders were corrected by 
the appropriate therapy, vitamin supplements 
being given routinely. Blood transfusions were 
used liberally in order to insure a hemoglobin 
reading of at least 70 per cent. A low residue, 
high carbohydrate diet was prescribed and pa- 
tients were urged to ingest additional carbo- 
hydrates, e.g., candy, sweetened fruit juices, 
etc., between feedings. Catharsis was insti- 
tuted by the administration of magnesium sul- 
fate. The daily dose was 1 ounce of the drug, 
the crystals being dissolved in 8 ounces of 
water and 1 ounce of this preparation was ad- 
ministered each hour for 8 doses. If this proved 
too vigorous the magnesium sulfate prepara- 
tion was given in half strength, this regimen 
being continued up to the day prior to opera- 
tion. On this day the catharsis was discun- 
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Fig. 1. Permanent type of loop colostomy used in inop- 
erable cases. The sigmoid loop has been exteriorized 
through the original main incision. A small opening has 
been made in the mesentery of the sigmoid and a tape in- 
serted thus drawing the sigmoid well forward in the wound. 
The peritoneum and fascia have been closed above and 
below the exteriorized loop. Two V or wedge incisions have 
been made in the lateral skin edge. The upper and lower 
limbs of the sigmoid loop fit into these notches when the 
skin is closed. 


tinued and paregoric given in several 1 drachm 
doses, with a sedative (barbiturate) at night in 
order to insure rest. This plan of medical de- 
compression was successful in relieving mild 
degrees of obstruction in all but aYfew in- 
stances. In 5 cases persistent obstruction ne- 
cessitated preliminary cecostomy. Surgical 
decompression by this means should be re- 
sorted to without delay when it becomes 
evident that conservative measures are inef- 
fectual. Following cecostomy the definitive 
operation may usually be performed in 7 to 10 
davs. After a considerable experience with 
peritoneal vaccination by means of colibac- 
tragen (Steinberg) it has been discontinued. 


Fig. 2. The skin incision has been closed. The central 
tongue of skin created by the two V incisions in the lateral 
skin edge, has been drawn through the opening’ in the 
mesentery of the sigmoid and sutured to the opposite side. 
A stiff rubber tube is also drawn through the opening in 
the mesentery above the skin bridge, in order to maintain 
the sigmoid loop in position. When the colostomy is opened 
several days later, the sigmoid is transected completely. 
The final result is a permanent bridge of skin which sepa- 
rates the proximal and distal ends of the bowel. 


It now seems to be unnecessary as postopera- 
tive peritonitis is rarely a serious complication 
and when it does occur it is usually the result 
of gross soiling of the peritoneum, and more 
effective methods of meeting such an accident 
are now available. While no serious or harm- 
ful effects were observed from the use of the 
vaccine in several hundred cases, its use re- 
sults in considerable discomfort. For the most 
part chemotherapy was not used during the 
period of preparation. Early in the series a 
small group of patients was treated with sulfa- 
nilamide administered orally or intravenously 
for 48 hours prior to operation in order to 
establish a blood level of 8 to 10 milligrams 
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Fig. 3. The abdominal portion of the operation has been 
completed. Note the excess amount of the closed proximal 
sigmoid exteriorized for the end colostomy, and the small 
stab incision in the flank through which it is drawn. The 
catheter for decompression of the bowel is inserted at once 
or a day or two later depending upon the case. 


per cent. If this drug is to be used we now 
believe that it is best administered intraperi- 
toneally at the time of operation (Coller and 
Jackson, 8). Sulfaguanidine was tried for a 
time and discarded. At present succinyl sulfa- 
thiazole is being given a trial. In order to 
increase resectability every patient not clearly 
inoperable was prepared as for the radical op- 
eration, and the final decision as to the feasi- 
bility and wisdom of attempting removal re- 
served until the time of the celiotomy. 

2. Anesthesia. Almost without exception 
a long-acting spinal anesthetic (nupercaine 
1:1500 aqueous solution) was employed in 
doses of 15 to 17 cubic centimeters and pro- 
vided ideal operating conditions. Continuous 
spinal as recommended by Lemmon has not 
been used. The nupercaine spinal usually gives 
complete anesthesia for the duration of the 
operation, or in long difficult cases at least 
throughout the abdominal part of the proce- 
dure whereupon supplemental anesthesia by 


Fig. 4. Following the removal of the continuous subcu- 
taneous wire sutures, the colostomy has been trimmed to 
a length of 5 centimeters. The removal of the excess bowel 
is performed by means of knife excision rather than with 
the cautery, and subsequently all bleeding points are care- 
fully ligated. 


means of inhalation anesthesia (cyclopropane 
or nitrous oxide-oxygen-ether) is entirely ade- 
quate for completion of perineal excision. 

Shortly before the operation is begun an 
indwelling Foley catheter is inserted and is 
allowed to drain during the operation. This 
serves to keep the bladder empty during the 
procedure. An intravenous infusion of 5 per 
cent dextrose solution is started in an arm vein 
as the operation begins. If necessary blood 
or plasma may be quickly substituted. 

3. Operation. Exploration is first carried out 
through a lower left rectus incision merely 
large enough to admit the examining hand. 
The use of a sterile lubricant facilitates the 
exploration. If the complete operation is to be 
performed, the incision is then enlarged con- 
siderably. If the case is judged to be inoper- 
able and palliative colostomy is thought indi- 
cated, a permanent type of loop colostomy is 


‘made, this same incision being utilized. For 


such a colostomy the technique shown in Fiz- 
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Fig. 5. The end colostomy as it appears several months 
later. The mucosa has become everted and the colostomy 
protrudes a short distance beyond the level of the skin. 


ures 1 and 2 has proved very satisfactory. As 
previously mentioned simple colostomy is per- 
formed far less frequently than formerly, 
whereas more and more palliative resections 
are performed. With greater familiarity with 
the operation, improvements in preoperative 
and postoperative care and in anesthesia and 
with the institution of a blood and plasma 
bank, this has become practicable without an 
excessive mortality. Rectal cancer is now 
dealt with in a manner similar to that em- 
ployed for many years in dealing with cancer 
of the stomach. In the latter lesion palliative 
short-circuit operations have proved well-nigh 
worthless whereas if resection of the lesion is 
performed even though neoplasm in lymph 
nodes, liver, or pancreas may of necessity be 
left behind, the end-results have demonstrated 
beyond a doubt, the worth of the procedure. 
Similarly in carcinoma of the rectum, a few 
hepatic metastases need not contraindicate 
resection and even though complete eradica- 
tion of the disease locally is impossible, resec- 
tion is the procedure of choice. Moreover, 
extension of the neoplasm into adjacent struc- 


Fig. 6. The main incision is being closed with a series of 
interrupted figure-of-eight sutures of No. 30, stainless steel 
wire. Both peritoneum and anterior rectus sheath are in- 
cluded in these sutures. 


tures, e.g., uterus, ovaries, small intestine, 
vagina, or even ureter or bladder often may be 
dealt with by excision of the diseased tissues. 
The feasibility of extensive resections of the 
bladder in such cases has been discussed re- 
cently by Bowers. Six patients with cancer of 
the rectum and heredofamilial multiple poly- 
posis of the colon and one of rectal carcinoma 
superimposed upon chronic ulcerative colitis 
required ultimate total colectomy, the rectal 
lesion being first dealt with by combined ab- 
dominoperineal resection. Since many of the 
patients are elderly men not infrequently large 
inguinal hernias are present. The presence of 
a hernia especially on the left adds immeas- 
urably to the difficulties in the subsequent 
management of the colostomy. Hence such 
hernias are always repaired from within the 
abdomen at the time of the operation. This 
plan has been eminently successful and to date 
no recurrences of the hernia have been ob- 
served. The main steps of the resection of the 
rectum are carried out as originally suggested 
by Miles (13). Following a trial with several 
methods of establishing the end colostomy, the 
most satisfactory one has been with the use of 
a small stab wound to the left of the main 
incision and well above the anterior iliac spine 
(Figs. 3, 4, and 5). This incision is made barely 
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Fig. 7. The subcutaneous layers of the abdominal wall are closed by one, two, or 
three continuous wire sutures placed in the manner of the Cushing right angle contin- 
uous intestinal suture. The ends are left long in order to facilitate subsequent re- 


moval. 


large enough to permit the bowel end tempo- 
rarily closed by sutures to be drawn through 
it, and no sutures are used to anchor the bowel 
to the abdominal wall. An otherwise good 
colostomy may be ruined by this latter step, 
since if the sutures tear out as the result of 
distention or retraction of the bowel, second- 
ary openings below the skin level develop, and 
closure of them is almost impossible. If the 
segment of sigmoid used ior the colostomy is 
left unnecessarily long, one need not be con- 
cerned about retraction into the abdomen. 
Moreover the excess length of bowel serves as 
a tube to conduct the fecal stream away from 
the main wound during the early part of con- 
valescence and since it is not always possible 
to determine with certainty the integrity of 
the blood supply at the time of operation, 


should slough of a part of the colostomy occur, 
adequate protection against necrosis extending 
below the skin is afforded. In order to prevent 
undue tension in the blind end of the bowel, 
a catheter may be introduced and held with a 
pursestring suture at the conclusion of the 
operation or after the lapse of a few hours or 
a day or so depending upon the individual 
case. This will permit the escape of gas and 
feces and avoid distention. After the original 
wound has healed and the sutures have been 
removed the excess portion of the colostomy 
is removed. The end of the bowel that is to 
remain should project 5 centimeters beyond 
the skin. While seemingly a small matter this 
“trimming” of the colostomy must be care- 
fully and expertly done, since injury to the ar- 
terial supply may result in irreparable damage. 
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TABLE VI.—PRINCIPAL CAUSES OF DEATH IN 
ONE STAGE ABDOMINOPERINEAL RESECTIONS 
(Total operations—20s5) 


Wounds . 
Disruption—peritonitis 
Infection anterior wound with perito- 
nitis 
Infection in posterior wound in resid- 
ual carcinoma 
Genitourinary 
Septicemia—(?) origin in genitouri- 
nary tract 
Pulmonary 
Atelectasis—bronchopneumonia 
Pulmonary embolism 
Pneumonia 


Pulmonary abscess—mediastinitis (2 
months) 
Empyema (1 month) 
Transfusion reaction 
Peritonitis 
19 
Mortality 8.9 per cent 


Since wound infection with its sequelae is a 
serious complication and may well turn the 
tide between success and failure, the most care- 
ful attention is paid to closure of the wound. 
Interrupted figure-of-eight sutures of No. 30, 
stainless steel wire are used, this method being 
a modification of the technique described by 
T. E. Jones (10). Each suture includes the 
anterior rectus sheath and peritoneum and a 
most secure satisfactory closure is thereby af- 
forded (Fig. 6). The subcutaneous layers are 
closed with one or more tiers of continuous 
wire sutures, the ends being left long for subse- 
quent removal. Each suture is placed like a 
Cushing right angle intestinal suture, the ad- 
vantage being that there is no strangulation of 
tissue and that no foreign material remains 
in subcutaneous fat (Fig. 7). The wound is 
finally covered with a silver foil dressing. 

The perineal part of the operation is per- 
formed with the patient in the Sims position. 
This gives satisfactory exposure and less 
change in blood pressure than the jack-knife 
position. Adequate exposure is obtained with- 
out removal of the coccyx. At the conclusion 
of the operation, the two ends of this posterior 
incision are closed, the cavity is sprayed with 
sulfathiazole powder, and the wound is loosely 
packed with a large rubber dam. This pro- 
vides adequate drainage of serum from the 


313 


TABLE VII.—NONFATAL POSTOPERATIVE COM- 
PLICATIONS IN ONE STAGE ABDOMINOPERI- 
NEAL RESECTIONS 

Tota 


Urinary tract infection 

Neurogenic bladder 

Epididymitis 
Pulmonary 

Pneumonia 


Partial disruption 
Hematoma 


Thrombophlebitis 

Auricular fibrillation 
Central Nervous System 

Cerebral hemorrhage 

Convulsions (? nitrous oxide poisoning) 
Intestinal Obstruction... 7 
Miscellaneous 15 
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wound and temporarily supports the newly 
constructed pelvic floor which consists only 
of peritoneum. 

Patients are allowed to take liquids and food 
as soon as they are able. The indwelling cath- 
eter is allowed to remain in the bladder for 3 
days. During this time tidal irrigations are 
carried out, and sulfathiazole (2 grams daily 
in divided doses) is administered by mouth. 
Cystometric studies have been made in a num- 
ber of cases and indicate that no injury to the 
innervation of the bladder occurs (Coller and 
Eastman, 4). Barring complications patients 
are allowed out of bed at the end of 2 weeks 
and are discharged from the hospital in 3 
weeks. From 2 to 3 months are required for 
complete healing of the perineal wound. The 
resumption of the upright posture assists in its 
closure by allowing the newly constructed pel- 
vic floor to sag due to the weight of the ab- 
dominal viscera. The mortality for the one 
stage abdominoperineal resection was 8.9 per 
cent. The causes of death are given in Table 
VI, while the nonfatal postoperative compli- 
cations are listed in Table VII. 


POSTOPERATIVE COMPLICATIONS 


As previously mentioned peritonitis is not 
the most common cause of death or the chief 
source of postoperative trouble. On the other 


Number 
2 2 3 
Pneumonia and ileus I 
= 
= 
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hand wound infection occurs all too frequently 
and often with fatal outcome. Correction of 
nutritional disturbances prior to operation, the 
free use of blood or plasma transfusions, an 
aseptic technique in dealing with the divided 
bowel ends, the use of nonabsorbable suture 
material, and scrupulous care in the closure of 
the wound will minimize this source of diffi- 
culty. The use of the sulfonamide drugs in the 
wound has not proved of value. Since the sub- 
cutaneous fat tolerates these drugs badly, the 
use of them locally results in indurated wounds 
and delayed healing. If gross soiling or con- 
tamination of the field occurs during opera- 
tion, delayed primary closure of the skin as 
described by Coller and Valk (6) is indicated. 
Similarly in second stage operations when a 
colostomy is present, this method of closure 
should be employed. In 5 instances disruption 
of the abdominal wound or evisceration neces- 
sitated secondary closure by means of through- 
and-through silver wire sutures. The two fatal 
cases of wound disruption occurred in associ- 
ation with general peritonitis in the terminal 
stages of that disease. 

Pulmonary complications while not the 
most common complications of the postopera- 
tive period, were nevertheless responsible for 
the largest number of deaths, and were found 
to be the chief cause of death in 16 of the 24 
deaths following the one stage operation. It is 
our belief that most cases of postoperative 
bronchopneumonia develop on the basis of 
pulmonary atelectasis, and we are convinced 
that energetic treatment of the latter condi- 
tion will minimize the incidence of pneumonia. 
Preventive measures are most important and 
accordingly patients should have frequent 
changes in position during the first few hours 
after return from the operating room. Care 
should be taken to see that abdominal dress- 
ings are not tight enough to embarrass respira- 
tion, and morphine should be prescribed cau- 
tiously in order to avoid respiratory depression 
and abolition of the cough reflex. Deep breath- 
ing is encouraged, carbon dioxide inhalations 
being resorted to if necessary. In case reten- 
tion of bronchial secretions occurs special 
nursing care is of great value since patients 
must be made to cough frequently. Tracheo- 
bronchial suction has proved to be of the ut- 
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most importance in many cases, whereas a 
small number of patients require broncho- 
scopic aspiration. There are few fields of sur- 
gical endeavor in which greater rewards are 
obtained than in these preventive measures 
against postoperative pulmonary disease. 
Pulmonary embolism accounted for 5 of the 
24 postoperative deaths and remains one of 
the most distressing problems in abdominal 
surgery. In none of these cases was clinical ev- 
idence of thrombophlebitis or phlebothrom- 
bosis of the leg veins recorded prior to death. 
More recently during the postoperative peri- 
od the lower extremities of every patient are 
watched with the greatest care following the 
suggestions of Allen, Linton and Donaldson, 
and femoral vein interruption is carried out 
promptly when the indications for this proce- 
dure are present. Thus far the results seem 
promising. Furthermore it is to be hoped that 
future advances in the understanding and use 
of heparin and dicoumarin may serve to reduce 
the incidence of this dreaded complication. 
Complications referable to the genitourinary 
tract were quite frequently encountered but 
fortunately were not a common cause of death. 
One death was due to septicemia which was 
thought to have had its origin in the urinary 
tract. Urinary tract infections are distressing 
and often recalcitrant to treatment. As previ- 
ously mentioned this is ordinarily not due to 
a neurogenic disorder of the bladder since the 
nervous mechanism of the bladder has been 
demonstrated repeatedly to be intact follow- 
ing operation. Undoubtedly the act of mictu- 
rition is somewhat disturbed and impeded due 
tolack of the support ordinarily afforded by the 
rectum and perirectal structures but may be ex- 
pected to return to normal with the closure of 
the perineal wound. A number of the male 
patients with incipient prostatism develop 
clinical manifestations of this disease during 
convalescence or later. Transurethral resec- 
tion when indicated has yielded excellent re- 
sults in such cases. There were 2 cases of peri- 
neal urinary fistula. In i this complication 
was noted early in convalescence and was pre- 
sumably due to injury to the ureter or involve- 
ment of it by neoplasm, since the pelvis was 
filled with a large tumor mass at the time of 
operation. It was hoped that spontaneous 


n 
W 
t 
n 
si 
u 
e 
d 
a 
: 
~ u 
ti 
E 
e 
Pp 
7 
t 
tl 
a 
st 
0 
Pp 
a 
ti 
g 
a 


COLLER, RANSOM: CARCINOMA OF THE RECTUM 


closure of the fistula would occur as the peri- 
neal wound filled with granulation tissue. Such 
was not the case and a severe upper urinary 
tract infection later developed which required 
nephrectomy, and this resulted in prompt sub- 
sidence of symptoms. In the second case the 
ureter was accidentally divided at the time of 
operation and repaired over a ureteral cath- 
eter. Several weeks later the urinary fistula 
developed and in the absence of renal infection 
was treated conservatively. 

Of the less common complications may be 
mentioned parotitis, transfusion reactions, 
slough of the colostomy, thrombophlebitis, in- 
adequately explained convulsive seizures in 
one patient, functional ileus and intestinal ob- 
struction. Adynamic ileus was most unusual, 
this in all probability being due to the common 
use of the Levine tube with Wangensteen suc- 
tion during the first few postoperative days. 
By providing a vent in the colostomy at an 
early date, troublesome distention and gas 
pains may be largely eliminated. There were 
7 instances of mechanical small bowel obstruc- 
tion. Three of these required enterostomy 
while the remainder were overcome by means 
of suction with the Miller-Abbott tube. 


SUMMARY 


In comparing the present series of cases with 
the series previously reported, we find definite, 
although not striking, improvement on several 
scores. The operability has increased due to 
earlier diagnosis and an extension of the limits 
of operability in cases in which the disease is 
more advanced. The latter has become pos- 
sible due to standardization of the operative 
procedure, and improvement in preoperative 
and postoperative management. The opera- 
tive mortality has been lowered in spite of 
greater operability. Surgery remains the main- 
stay in the treatment of cancer of the rectum 
and rectosigmoid, and all methods other than 
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radical removal of the diseased tissues may be 
expected to result in a high percentage of re- 
currences. In some patients unfit for radical 
procedures due to physical defects, operations 
less comprehensive in their scope continue to 
have a place in the field of treatment. Surgical 
diathermy, x-ray and radium are to be re- 
garded as forms of palliative treatment. With 
added experience we believe that for most pa- 
tients the one stage combined abdominoperi- 
neal resection is the procedure of choice. It 
seems improbable that great improvement in 
the future can be expected from more radical 
operations in patients with far advanced or 
incurable disease, but that better results will 
come most importantly from earlier diagnosis 
and earlier treatment, and second from a bet- 
ter understanding of and, consequently, the 
prevention and better management of such 
postoperative complications as pulmonary em- 
bolism, wound sepsis, and those complications 
arising in the genitourinary tract. 
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PROLONGED INTUBATION SUCTION AND DEFERRED OR 
DELAYED SURGERY IN TREATMENT OF MULTIPLE 
ADHESIVE OBSTRUCTIONS OF THE SMALL INTESTINE 


K. S. GRIMSON, M.D., F.A.C S., and G. B. HODGE, M.D., Durham, North Carolina 


LINICAL and experimental studies 
have greatly improved the treatment 
of intestinal obstruction. Prompt 
surgical intervention coupled with 

decompression has remained the most effec- 
tive method of management in patients with 
acute obstructions who present evidence of 
peritoneal irritation or bowel strangulation. 
The development and improvement of the 
intestinal intubation decompression technique 
has made possible the relief of occasional sim- 
ple acute mechanical obstructions without 
surgery. Technical difficulties encountered in 
the surgical treatment of patients obstructed 
by postoperative or inflammatory multiple 
adhesions have furnished a strong stimulus 
for the further utilization of these nonopera- 
tive methods. The dangers of delaying sur- 
gery by the employment of nonoperative 
methods were recognized and emphasized in 
early surgical history. Recent surgical litera- 
ture recommends that if progressive decom- 
pression is not noted within 24 to 48 hours 
laparotomy should be performed, 

This report is stimulated by the successful 
treatment of multiple small bowel obstruc- 
tions by continued nonoperative decompres- 
sion under circumstances that would have 
made surgery difficult. The authors do not 
propose to abridge the rule that operation 
should be prompt if decompression is delayed. 
They wish simply to present for consideration 
the possibility that in exceptional instances 
prolonged efforts at decompression by. in- 
testinal intubation might be effective. Similar 
experiences have been encountered by other 
surgeons but these have not to the authors’ 
knowledge been emphasized in the literature. 
Since the development of the modern methods 
of treatment of intestinal obstruction has a 


From the Department of Surgery, Duke University School of 
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definite bearing upon this subject, the litera- 
ture will first be briefly reviewed. The records 
of 7 patients who presented interesting man- 
agement problems will then be presented and 
discussed. 


THE DEVELOPMENT OF THE MODERN SURGICAL 
TREATMENT OF INTESTINAL OBSTRUCTION 


The current methods of treatment of in- 
testinal obstruction have been the outgrowth 
of a long period of development of ingenious 
therapeutic devices. Earlier treatment was 
largely medical and with little success. Aber- 
crombie (1830), giving an excellent descrip- 
tion of the symptoms, and postmortem find- 
ings in various types of obstruction, lists the 
aids in treatment as blood-letting, tobacco 
injections or infusions, application of cold to 
various body surfaces, cautious use of purga- 
tives, oral administration of 1 or 2 pounds of 
crude mercury, and then if the patient appears 
to be sinking, free use of stimulants. Occa- 
sional feeble efforts at surgical treatment are 
mentioned. Dujardin-Beaumetz (1886) dis- 
carded the use of mercury because experi- 
ments had shown that it did not descend in 
bulk but rather penetrated slowly, globule 
after globule. The forcing of water, Seltzer 
water, or air through rectal tubes into the 
colon was described. The efficiency of the 
ileocecal valve that plays such an important 
roéle in modern treatment was emphasized. 
Milder purgatives were recommended. As a 
last resort puncture through the abdominal 
wall and aspiration of distended loops of 
bowel were employed. The use of the rectal 
excitator, which dates back to 1826, and which 
employed faradic or galvanic current between 
the rectum and the abdominal wall, was favor- 
ably considered. He then adds that when the 
vomiting has been quieted by iced drinks, the 
pain alleviated by subcutaneous morphine, 
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and all the resources of medical therapy have 
been exhausted, the interference of the sur- 
geon is demanded. 

The introduction of anesthesia in 1846 and 
antiseptic surgery in 1867 brought the sur- 
gical treatment of intestinal obstruction into 
general use. A lack of understanding of proper 
methods of preparation and management of 
patients resulted in an appalling mortality. 
As late as 1889, in discussing surgery for intes- 
tinal obstruction, Senn recognized that many 
physicians refused to consider it. The clinical 
studies of Ashhurst and Schramm (quoted by 
Senn), Curtis, Naunyn, Senn, and others defi- 
nitely establish the value of early laparotomy 
in the treatment of intestinal obstruction. 

A multitude of experimental studies has 
paralleled and influenced this surgical develop- 
ment. Crowley and Johnston, Blodgett, Wan- 
gensteen (41), and others have recently re- 
viewed them. The major developments have 
been recognition of the importance of chloride 
and protein replacement and hydration (3, 
17, 18), the importance of circulating blood 
volume replacement by blood or plasma in the 
treatment of shock (5, 14, 35); the late réle of 
toxic absorption from distended devitalized 
loops (10, 19, 31, 32, 40, 41); the importance 
of a high concentration of oxygen in relieving 
distention (15); the use of modern anesthetic 
agents; and above all the recognition of the 
importance of intubation decompression. 


THE DEVELOPMENT OF INTESTINAL 
INTUBATION 


Gastric and later intestinal intubation tech- 
niques were originally developed for research 
and diagnosis. John Hunter (1793) intro- 
duced a flexible stomach tube for artificial 
feeding. Mathieu describes six types of tubes 
used for stomach examination. Aspiration, 
although seldom employed, was accomplished 
by several means. One was the attachment of 
the open end of the stomach tube to the first 
of two communicating flasks, the second flask 
being filled with water and placed at a lower 
level than the first. This is the method now 
commonly used. Credit for the introduction 
of gastric lavage as a means of therapy in 
intestinal obstruction is usually given to 
Kussmaul and Cahn (1884). These authors 


and later Rehn maintained that suction irriga- 
tion emptied the stomach of its contents and 
also evacuated a certain portion of the upper 
intestinal canal above the site of obstruction. 
Westermann (1910) and Kappis (1911) intro- 
duced continuous siphonage drainage of the 
stomach in the clinical treatment of peri- 
tonitis. Ward (1925) recommended suction 
rather than siphonage drainage in peritonitis. 
The earlier gastric intubation devices rarely 
entered the duodenum. Levin (1921) intro- 
duced the nasal catheter duodenal tube com- 
monly employed today. Wangensteen (42), 
Wangensteen and Paine (44), and others 10 
years later, employing a modified duodenal 
tube, reported successful suction drainage 
treatment of selected patients with simple or 
with postoperative adhesive obstructions 
without surgery, and by a long series of 
clinical and experimental studies reintroduced 
and popularized the principles of bowel de- 
compression. The possibility of deep intestinal 
intubation suction was foreshadowed by 
Scheltema (1908), Einhorn (1919), Buckstein 


(1920), and McClendon and Medes (1925) © 


when they introduced flexible tubes into the 
small intestine to study bowel physiology and 
to instill medication or barium. Miller and 
Abbott (1934) devised the convenient balloon 
tipped intestinal intubation tube that is now 
commonly employed. 


AN EVALUATION OF INTESTINAL INTUBATION 
AND SURGERY IN SMALL BOWEL OBSTRUC- 
TION 


Abbott and Johnston (2) (1938) first used 
the Miller-Abbott tube in the suction decom- 
pression treatment of small bowel obstruction. 
Thirteen of 16 patients with obstruction were 
intubated. Relief from symptoms and disten- 
tion occurred within 24 hours. Operation was 
performed upon 5 of these patients. Barium 
was employed for diagnosis in 6. Since this 
time the Miller-Abbott tube has been widely 
used in obstruction, and numerous reports 
have accumulated in the literature. Johnston 
(1940), Crowley and Johnston (1941), and 
Noer and Johnston (1942) have reviewed their 
experiences. Three hundred and thirty-two 
patients were treated. Gastric suction was 
employed in 53 cases, duodenal in 39, and 
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intestinal intubation in 180. The authors are 
of the opinion that the intubation treatment 
was of great value in avoiding operation in 
many ‘patients and in relieving distention be- 
fore surgery in others. Operation was carried 
out within 24 hours when mesenteric vascular 
interference was suspected or when patients 
were seen before marked distention. The au- 
thors report an overall mortality of 19.9 per 
cent and feel that the use of suction drainage, 
particularly intestinal intubation, was largely 
responsible for this low- figure. Abbott (2) 
(1941) reviewed the diagnostic, experimental, 
and therapeutic uses for the Miller-Abbott 
tube and illustrated its value as an aid in the 
surgical treatment of intestinal obstruction. 
Sixteen patients with paralytic ileus were 
treated, with 3 deaths. Seventy-four patients 
with mechanical obstructions of the small in- 
testine were treated, with 5 deaths. Twenty- 
seven patients with peritonitis and obstruc- 
tion were treated, with 6 deaths. Leigh and 
co-authors (24, 25 in 1940 and 1942) com- 
bining the use of the Miller-Abbott tube with 


surgery in most patients, report 77 paralytic 


obstructions with a 6.5 per cent mortality, 
and 132 mechanical obstructions with a 4.6 
per cent mortality. Three of their earlier re- 
ported patients required 3, 5, and 7 days, 
respectively, before decompression was ob- 
tained. Much more prolonged conservative 
treatment was carried out in the case of the 
occasional patients with obstruction and peri- 
tonitis. 

Schlicke, Bargen, and Dixon report the re- 
sults of conservative treatment in 45 patients 
with simple small bowel obstruction as com- 
plete relief in 23 and partial relief in 10. Five 
patients were discharged without operation 
because of complete relief. Emergency de- 
compression was required in 8. Elective sur- 
gical procedures were performed in 31. These 
authors feel that in low grade obstruction the 
amount of time spent with conservative meas- 
ures is optional but that in high grade ob- 
struction without improvement surgery should 
be performed within 12 to 24 hours. Blodgett 
(1942) reports death in 8 of 56 patients with 
mechanical intestinal obstruction treated 
without intestinal suction. Nineteen patients 
were then treated with intestinal suction, with 


1 deat He summarizes the mortality statis- 
tics of other authors and reports an average 
mortality reduction from 17.3 per cent with- 
out intestinal suction to 7.9 per cent with 
intestinal suction. Glenn (1941) reports in- 
testinal intubation treatment of 35 patients 
with mechanical obstruction, with 6 deaths. 
In 11 of these patients, no surgery was car- 
ried out. 

McKittrick (1941) reports a greatly de- 
creased mortality in the treatment of small in- 
testine obstruction since the use of the Miller- 
Abbott tube. It was employed in 20 patients 
and reached the small bowel in 1o. All but 1 
of the patients were operated upon. Early op- 
erative intervention in patients whose ob- 
struction history is not longer than 24 to 48 
hours was employed. Wangensteen (41 in 
1942) emphasizes the importance of decom- 
pression by suction drainage of the stomach 
and the small bowel in the relief of distention, 
and in preparation for surgery. The mortality 
rate from the treatment of obstruction of the 
small intestine, he believes, will be further 
lowered by improvement in surgical care and 
technique including the use of aseptic anasto- 
mosis and enterostomy (43). The danger of 
delaying surgery in patients with strangulo- 
tion obstruction by prolonged use of intuba- 
tion was strongly emphasized. Dennis and 
Brown have more recently summarized the 
work at the University of Minnesota. Sup- 
portive therapy and constant suction through 
a Wangensteen or a Miller-Abbott tube was 
started on all distended patients. If the tube 
failed to pass into the small bowel within 48 
hours or if satisfactory decompression was not 
obtained, a catheter enterostomy was then 
performed. If subsequently the obstruction 
failed to relax, elective exploration was under- 
taken. Patients with signs of peritoneal ir- 
ritation were explored regardless of the degree 
of distention. These authors report 110 re- 
cently treated obstructions. Successful con- 
servative therapy was employed with the 
Wangensteen tube in 13 patients and with the 
Miller-Abbott tube in 11. The Miller-Abbott 
tube is now used routinely on all cases of ob- 
struction of the small intestine. In most in- 
stances it is used by these authors as an 
aid to surgery. 
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EVALUATION OF INTFSTINAL INTUBAT? AND 
SURGERY IN MULTIPLE ADHESIVE OBSTRUC- 
TION OF SMALL INTESTINE WITH A PRES- 
ENTATION OF 7 ILLUSTRATIVE CASES! 

Review of the literature has demonstrated 
the advantage of decompression by gastric 
and duodenal suction or by Miller-Abbott 
tube intestinal intubation. The mortality 
from all varieties of intestinal obstruction has 
been greatly reduced by decompression and 


by improvements in supportive therapy and 


surgical technique. Each variety of obstruc- 
tion and each patient with obstruction pre- 
sents an individual problem. The time period 
that may be discreetly employed in an at- 
tempt at decompression will vary with cir- 
cumstances. Surgery should be readily em- 
ployed when the symptoms and findings 
suggest compromised viability of bowel. Sur- 
gery is also frequently indicated after an ob- 
struction has been relieved by conservative 
means in order that the pathology be accu- 
rately determined. 

There are instances, however, in which a 
history of inflammatory disease or earlier sur- 
gical exploration has given presumptive evi- 
dence that the obstruction is produced by 
multiple adhesions. Such adhesions frequently 
produce several points of high grade obstruc- 
tion. When the obstruction becomes complete 
at one point bowel distention may effect com- 
plete obstruction at one or several other con- 
stricted areas. Since surgery other than 
enterostomy under these conditions carries a 
definite operative risk and frequently en- 
hances the pathological process, and since 
the high grade obstructions will at times relax 
spontaneously, it is the impression of the 
authors that a prolonged and occasionally a 
repeated trial at conservative therapy may 
be warranted. This continued conservative 
treatment may be controlled by the condition 
of the patient and rapidly supplemented by 
surgery if symptoms and findings suggest 
compromised viability of the bowel. It can- 
not be controlled by any arbitrary fixed time 
limit. This statement will be supported by 
the presentation of 7 patients selected from a 
large group of multiple small bowel intestinal 

1Acknowledgment is expressed to Dr. Dery] Hart, Dr. Durward L. 


Lovell and Dr. Warner Wells for the use of the histories of 3 of the pa- 
tients selected as illustrative cases in this report. 


obstructions to illustrate the use of prolonged 
intubation suction and deferred or delayed 
surgery. 

Case 1. N.S. This 36 year old white married 
female had been under treatment for 11 years be- 
cause of a slowly progressive nonspecific ulcerative 
colitis. Repeated x-ray examinations had shown 
ulceration and narrowing in the descending and sig- 
moid colon. Repeated proctoscopic examinations 
demonstrated extensive rectal and sigmoid ulcera- 
tion. Ileostomy or colostomy had been advised and 
refused. One month before the present admission 
the symptoms of nausea, diarrhea, and abdominal 
and rectal pain became more severe. Two weeks 
later a rectovaginal fistula developed. Progression 
of these symptoms and loss of strength and weight 
finally led the patient to consent to a colostomy. 
Exploration through a rectus incision revealed the 
ascending and the greater portion of the trans- 
verse colon to be grossly normal. A transverse loop 
colostomy was established through an upper mid- 
line stab wound. Colostomy drainage was copious 
but remained thin. On the 7th postoperative day 
bulging through the rectus incision suggested sepa- 
ration of the deeper layers. Three days later per- 
sistent nausea and cramping abdominal pain neces- 
sitated an abdominal x-ray examination which re- . 
vealed no bowel distention. Barium injected 
through the colostomy filled the right colon and 
terminal ileum. Vomiting then developed and 3 
days later colostomy drainage stopped and ab- 
dominal distention began. The roentgenogram re- 
vealed marked dilatation of numerous loops of ileum. 
A Miller-Abbott tube was passed and entered the 
jejunum within 12 hours. The abdomen, although 
markedly distended, was not tender. Roentgeno- 
grams during the following 48 hours revealed a 
slight increase in the diameter of the distended loops. 
Barium injected through the Miller-Abbott tube 
failed to pass onward and was aspirated. Operation 
was accordingly advised. In the operating room, 
during the positioning of the patient several hun- 
dred cubic centimeters of watery, light brown fecal 
material ran through the colostomy opening. The 
patient was returned without operation and suction 
through the Miller-Abbott tube, enemas, and posi- 
tioning of the patient were continued. The following 
day the dilated loops which lay ahead of the Miller- 
Abbott tube were slightly less distended. During 
the next 4 days clinical and x-ray evidence of dis- 
tention remained the same (Fig. 1). Abdominal 
examination elicited no marked tenderness. Nine 
days after the first intestinal intubation the Miller- 
Abbott tube passed through the highest point of 
obstruction and progressive decompression began 
(Fig. 2). X-ray examination 6 days later revealed 
one moderately dilated loop in the lower left quad- 
rant. Enemas then began to return definite fecal 
material and spontaneous colostomy drainage oc- 
curred. Eighteen days after its insertion the Miller- 
Abbott tube was removed. During the period of 
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intubation adequate fluid replacement, frequent 
blood transfusions, and adequate vitamin supple- 
ment were given. The patient has been followed 
8 months without recurrence of obstruction or 
distention. 


This case illustrates the longest period of 
time employed by the authors between the 
intestinal intubation and the development of 
definite symptoms of progressive decompres- 
sion. Such persistent efforts at suction de- 
compression without the additional aid of an 
enterostomy could be justified only under un- 
usual circumstances. If employed, continuous 
observation for signs of intestinal strangula- 
tion or impending perforation is necessary. 
The record is presented because it illustrates 
the difficulty of determining any definite period 
of time beyond which conservative manage- 
ment must be supplemented by surgery. 


Case 2. H. W. This 54 year old white male 
weighed 305 pounds. Fifteen years before admission 
his urinary bladder was ruptured during an auto- 
mobile accident. Following surgical repair urinary 
and fecal drainage through a lower abdominal wound 
persistedformany months. Ten years beforeadmission 
he received several shotgun wounds about the right 
hip and lower abdomen. Between that time and the 
present admission painless vomiting occurred on 
several occasions after overeating. Four days before 
admission he ate an unusually large meal. Three 
hours later acute cramping midepigastric pain de- 
veloped. Symptoms persisted and he was referred 
to the medical service with a tentative diagnosis of 
acute cholecystitis. Examination revealed a lower 
abdominal wall that was largely replaced by a dense 
scar tissue defect. Some generalized abdominal ten- 
derness was present. An x-ray film of the abdomen 
showed no visceral detail because of the obesity and 
faulty technique. During 3 days of medical ob- 
servation, vomiting, distention; and increased ab- 
dominal tenderness persisted. Enema returns con- 
tained little fecal material. Roentgenogram at this 
time showed distention of several loops of small 
intestine (Fig. 3). A barium enema filled the colon 
well. Intestinal intubation was begun. Ten hours 
later the tip of the tube lay in the upper jejunum. 
At this time the poor management was further com- 
plicated by the feeding of a routine barium meal 
ordered earlier by error. Some of this barium was 
successfully aspirated through the suction tube and 
some of it entered and visualized the proximal dis- 
tended loop. The tip of the Miller-Abbott tube had 
followed the barium into the proximal dilated loop 
within 5 hours. There it remained arrested with 
large distended loops of barium filled small bowel 
beyond it. Some of the barium passed on through 
these distended segments in the next 24 hours to 
reach the colon (Fig. 4). Suction was continued 4 


more days during which time some flatus and a small 
amount of fecal material passed with repeated ene- 
mas. Distention by this time was well relieved. The 
suction was clamped off and since the patient tol- 
erated liquids and a soft diet well the tube was 
removed. Three days later he was discharged with 
instructions that a soft or liquid diet be continued 
for at least 1 month. During the period of the next 
10 months he experienced no symptoms of abdominal 
discomfort. 

This patient because of the scarred abdom- 
inal wall and marked obesity would have been 
a difficult technical problem for surgical treat- 
ment. His obstructive symptoms were inter- 
mittent but progressive over 7 days until he 
presented marked distention and a moderately 
tender abdomen. Intubation was successful in 
reaching and decompressing only the proximal 
loop of distended intestine. Continued suc- 
tion maintained over a period of 6 days al- 
lowed the remaining partially obstructed loops 
of small bowel to decompress themselves so 
that by the 7th day the patient could eat a 


liquid diet and continue regular bowel move- 


ments. This record also illustrates the diffi- 
culty of determining the degree of obstruction 
by x-ray evidence of small bowel distention. 
A portion of the barium meal given by error 
early in the suction treatment traversed sev- 
eral distended loops and reached the cecum 
within 24 hours. Decompression of these 
loops was complete 4 days later. 


Case 3. G. B. This 37 year old white male had 
an appendectomy 5 weeks before admission. Severe 
cramping abdominal pain associated with nausea, 
vomiting, and distention developed. He was re- 
ferred to this hospital 36 hours later. Examination 
revealed marked distention and tympany, moderate 
periumbilical tenderness, and definite borborygmus. 
An abdominal x-ray film demonstrated several loops 
of dilated small intestine (Fig. 5). A Miller-Abbott 
tube was passed within 4 hours. At 36 hours it had 
progressed well into the jejunum and had effected 
decompression of all but one of the distended loops. 
The tube, although it remained arrested in the right 
upper quadrant, was kept in place 4 days with con- 
tinued suction (Fig. 6). During. this time liquid 
oral feedings were given and gas passed regularly 
through the rectum. Two days later the distended 
loop of bowel beyond the arrested Miller-Abbott tube 
decompressed spontaneously. Thin barium injected 
through the tube reached the cecum within 7 to 24 
hours. Suction was discontinued. When the patient 
left the hospital he was tolerating a liquid diet well. 
He has since eaten a regular diet for a period of 11 
months without difficulty and has gained 35 pounds 
in weight. 
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Fig. 1. Case 1. Distended loops of small bowel beyond 
arrested Miller-Abbott tube 5 days after intubation. These 
loops have remained approximately the same size since 
intubation. The barium in the cecum is a residual of the 
colostomy barium enema. 


This case represents an acute obstruction 
occurring 5 weeks after an appendectomy with 
relief of the major portion of the distention 
within 36 hours. One loop of small bowel be- 
yond the tip of the Miller-Abbott tube re- 
mained partially distended 6 additional days 
and then collapsed spontaneously. During 
this period of time oral feedings were given 
and gas passed regularly through the rectum. 
This observation confirms the conclusion 
made in the discussion of Case 2 that a loop 
of small bowel, although distended, may per- 
mit the passage of intestinal content. 


CasE 4. W. B. This 27 year old male was re- 
admitted 32 days after an appendectomy. Bowel 
movements and gas passage had diminished during 
3 days and then stopped entirely. Severe cramping 
abdominal pain developed 14 hours before admis- 
sion. Examination revealed abdominal distention 
and tenderness. Intestinal borborygmus was present 
during the cramping pains. An abdominal x-ray 
picture revealed one moderately distended loop of 
small bowel. Intestinal intubation was accomplished 


Fig. 2. Case 1. Advance of the Miller-Abbott tube 9 days 
after intubation showing for the first time some definite 
decompression of the distended small bowel. Decompres- 
sion and relief of the obstruction were complete 6 days 
later. 


within 24 hours. Distention was relieved during the 
next 48 hours and the tube was removed. The pa- 
tient tolerated a soft diet, passed gas readily, and 
2 days later had a natural bowel movement. There 
has been no recurrence of symptoms of obstruction 
in 14 months. 


This case represents an early mild post- 
operative adhesive intestinal obstruction that 
responded quickly to intestinal intubation and 
suction employed in the conventional manner. 

The first 4 case histories illustrate the con- 
servative relief by intubation suction of mul- 
tiple small bowel obstructions produced by 
postoperative or inflammatory adhesions. The 
variations, both in the severity of the obstruc- 
tion and in the duration of the suction intuba- 
tion preceding decompression, support the 
opinion that conservative management may 
be limited only by the developments encoun- 
tered in the individual patient. Symptoms of 
compromised bowel viability demand imme- 
diate surgery. Failures either in the introduc- 
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Fig. 3. Case 2. Loops of distended small intestine pres- 
ent 7 days after the onset of obstructive symptoms in a 
305 pound patient. 


tion of the tube or in suction decompression 
after intubation may also require surgery. 
The importance of surgery in the treatment 
of intestinal obstruction is fully recognized. 
The principles governing the conventional use 
of emergency surgery have been developed in 
the literature review and will not be amplified. 
The principles governing the use of elective 
surgery after successful intubation decom- 
pression will be illustrated by 3 histories. 


Case 5. C.D. This 58 year old white woman was 
admitted 3 years ago complaining of cramping ab- 
dominal pain and occasional nausea and vomiting 
lasting 3 weeks. Twenty years earlier a hysterec- 
tomy had been performed and followed in 5 years by 
a cholecystectomy and appendectomy. Twelve 
years ago symptoms of partial intestinal obstruction 
led to exploration and division of numerous adhe- 
sions. The patient remained relatively free from 
obstructive symptoms until the present attack. 

Examination revealed a moderately distended ab- 
domen with two old operation scars and a small 
ventral hernia. Roentgenogram confirmed the diag- 
nosis of small bowel obstruction. Intestinal intuba- 
tion was accomplished. Suction relieved the disten- 
tion in 3 days. A barium x-ray study was then 


Fig. 4. Case 2. Arrest of the Miller-Abbott tube 37 
hours after introduction. Barium inadvertently given 24 
hours earlier visualizes one distended small bowel loop. 
Some of the barium has reached the colon. 


interpreted as demonstrating a complete obstruc- 
tion. A laparotomy was performed. Several dense 
adhesions, located approximately 2 feet above the 
ileocecal valve, were divided. The ventral hernia 
was repaired. 

During the next 14 months numerous mild attacks 
of cramping abdominal pain occurred. One of these 
attacks became progressively more severe during 48 
hours and the patient returned with a tender dis- 
tended abdomen. Suction intubation was readily ac- 
complished and the distention was again relieved in 
3 days. Symptoms subsided for 7 months and then 
recurred as mild intermittent attacks. Six months 
later a severe attack lasted 48 hours and brought her 
into the hospital. The distention and cramping 
pains were readily relieved by suction intubation but 
recurred twice after removal of the tube. It was 
only after the third intubation, continued 12 days, 
that obstructive symptoms subsided. 

The patient for 3 months experienced a series of 
episodes of minor abdominal pain and distention. 
She then returned with obstructive symptoms last- 
ing 5 days. Moderate distention was demonstrable 
by examination and by x-ray. Intubation gave re- 
lief in 2 days. Mild abdominal pain persisted 4 
months and then another severe attack lasted 48 
hours. Intubation during the first 5 days of this 
hospital admission accomplished relief of symptoms. 
Another exploratory laparotomy was advised to de- 
termine whether or not a lateral anastomosis could 
be performed. Adhesions were present throughout 
the abdomen with approximately 8 feet of the ter- 
minal ileum uniformly involved in an extensive kink- 
ing adhesive process. Many adhesions were divided 
and a small ventral hernia was again repaire:|. 
Freedom from symptoms continued through the 3 
months that have now elapsed since this procedure 
was carried out. 
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Fig. 5. Case 3. Numerous distended loops of small 
intestine 36 hours after the onset of symptoms of intestinal 
obstruction and 5 weeks after appendectomy had been 
performed. 


This patient illustrates well one of the most 
difficult problems encountered in bowel sur- 
gery. Surgery alone, intubation alone, and a 
combination of intubation and surgery have 
all been used in treating her various attacks of 
obstruction. The patient was decompressed 
by intubation seven times. Each of the three 
operations revealed an increase in the extent 
of involvement of bowel or adhesions. Each 
operation probably also contributed toward 
the formation of more adhesions. Resection 
or lateral anastomosis should have been per- 
formed during the first or second exploration. 
Conservative treatment of subsequent ob- 
struction will be continued in the case of this 
patient if it is possible. 


CasE 6. L. B. This 52 year old white women had 
first developed a small ventral hernia after an ap- 
pendectomy 14 years ago. A supravaginal hysterec- 
tomy was performed and a repair of the hernia 
attempted a year later. The hernia recurred and 
gradually increased in size. Four years before the 
present admission the hernia was_ successfully 
repaired. 


Fig. 6. Case 3. Arrest of the Miller-Abbott tube 4 days 
after intubation. Relief of distention had been accom- 
plished within 36 hours in all but one of involved loops of 
small bowel. This decompressed spontaneously in 48 hours. 


Three years later attacks of cramping abdominal 
pain, vomiting, and distention began. The first 
lasted 1 week, and 1 month later a second lasted 4 
days. Both were relieved in another hospital by 
suction through a duodenal tube. Four months later 
an attack became steadily more severe during 12 
days, and she was referred to this clinic. Distention 
and hyperactive small bowel peristalsis were evident. 
X-ray examination revealed many loops of dis- 
tended small bowel. A faintly calcified curved sau- 
sage-like mass of undetermined etiology was demon- 
strated in the pelvis. The tip of the intubation tube 
reached the upper jejunum in 12 hours. De- 
compression occurred in 3 days and 1 day later 
diagnostic barium was injected (Fig. 7). It passed 
on into the colon without difficulty. Clear liquid 
feedings were well tolerated, and the patient was 
discharged. 

Symptoms of cramping abdominal pain recurred 
and brought the patient back in 5 days again dis- 
tended. Decompression with a Miller-Abbott tube 
was easily accomplished. Exploration was advised 
because of the increasing frequency of the attacks 
and the x-ray evidence of a foreign body. Numerous 
firm fibrous adhesions matted the ileum and lower 
jejunum together. The upper jejunum was mod- 
erately dilated. The operator freed many of the 
adhesions and resected one doubly kinked portion 
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Fig. 7. Case 6. Successful decompression of small bowel 
4 days after intubation in a patient with a postoperative 
obstruction. Barium visualizing the ileum at the tip of the 
tube passed into the colon readily. Arrows indicate a 
partially calcified mass demonstrated later by operation to 
be a bezoar. 


of the upper ileum. A firm slightly curved mass 
measuring 8 centimeters in length and 3 centimeters 
in diameter was located in the lumen of the lower 
ileum and removed. The exact origin of this bezoar 
could not be determined. This patient has now re- 
mained free from obstructive symptoms to months. 


This history illustrates the relief of two at- 
tacks of intestinal obstruction by suction 
through a duodenal tube and two by Miller- 
Abbott tube intubation. The increasing fre- 
quency and severity of attacks and the x-ray 
demonstration of a foreign body made elective 
exploration advisable. An intestinal bezoar 
was removed and a doubly kinked severely 
constricted segment of ileum was resected. 

Case 7. A. P. This 65 year old white woman en- 
tered the hospital complaining of nausea and occa- 
sional vomiting for 2 weeks and severe abdominal 
cramping pains for 1 day. Twenty-four years ago 
the uterus and one ovary had been removed. Mild 
attacks of nausea, vomiting, and abdominal pain 
began 5 years ago and recurred at progressively 
shorter intervals. She was explored at another hos- 


pital 4 months before this admission and severa! 
adhesions were divided. 

Examination revealed a moderately distended ab 
domen. Intestinal borborygmus was present. An 
abdominal x-ray picture demonstrated moderate 
dilatation of several loops of small intestine (Fig. 8). 
Intestinal intubation was readily accomplished. 
Suction was continued for 3 days at the end of which 
time one small loop of terminal ileum remained dis 
tended. Injected lipiodol failed to advance into this 
loop or to reach the cecum (Fig. 9). Exploration 
was advised. Firm adhesions bound together almost 
the entire length of the small intestine. One acutely 
kinked mass of adherent small bowel was exposed 
in the right lower quadrant. Dilatation was present 
above and collapsed bowel led from it. An ileo- 
cecostomy was performed. The Miller-Abbott tube 
was removed 8 days later. This patient has now 
been relatively free from symptoms during the 2 
years that have elapsed since operation. 


This case history illustrates well the occur- 
rence in a generalized adhesive process of a 
local area of severely kinked bowel that may 
give symptoms for many years and that fre- 
quently cannot be relieved by intestinal in- 
tubation or by simple division of adhesions. 
This form of obstruction is best treated by re- 
section or lateral anastomosis. Recognition of 
this type of pathology before exploration is 
difficult. Individual judgment must deter- 
mine whether patients with rapidly recurring 
attacks of obstruction should be explored after 
partial decompression as in this patient or 
subjected to more prolonged and repeated ef- 
forts with intubation therapy. If elective ex- 
ploration is contemplated the preoperative 
decompression may well be left incomplete 
and the residual partial distention used as a 
guide to the most troublesome point of 
obstruction. 


SUMMARY 


The management of patients with multiple 
postoperative or inflammatory adhesions ob- 
structing the continuity of the small intestine 
is difficult. The reviewed literature has cov- 
ered many of the advantages of suction de- 
compression therapy in all varieties of small 
bowel obstruction. In general, patients who 
present symptoms of a strangulating obstruc- 
tion are explored immediately. Decompres- 
sion is employed only during the short time 
required for preparation for operation, or as 
an aid to postoperative management. Pa 
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Fig. 8. Case 7. Distended loops of small intestine pres- 
ent 24 years after a transabdominal hysterectomy, 4 months 
after exploration for small bowel obstruction, 24 hours 
after recurrence of symptoms of acute obstruction. The 
Miller-Abbott tube is seen to be entering the duodenum. 


tients with so called mechanical obstructions 
and without evidence of strangulation have 
been treated by varying combinations of con- 
servative management and surgery. The 
trend of opinion seems to be swinging toward 
exploration within 24 to 48 hours unless in- 
testinal intubation has instituted progressive 
decompression. Occasionally patients de- 
compressed conservatively have then under- 
gone elective exploration to determine the 
etiology of the obstruction. 

This report has been stimulated by the im- 
pression of the authors that certain patients, 
in whom a previous operation or abdominal 
inflammatory process has given presumptive 
evidence that the multiple obstructions pres- 
ent are a result of adhesions, may warrant 
longer or repeated trials of intubation decom- 
pression. They usually develop distention 
gradually and have occlusions that are less rigid 
and more amenable to conservative treatment 
than those encountered in other forms of in- 


Fig. 9. Case 7. Extensive decompression 3 days after 
intubation. One loop of terminal ileum remains dilated. 
Lipiodol injected through the tube demonstrates a com- 
plete obstruction. An exploratory laparotomy was per- 
formed. 


testinal obstruction. Surgery in these pa- 
tients, unless resection or lateral anastomosis 
is possible, may fail to give lasting relief and 
may increase the number of adhesions. Tem- 
porary decompression either by ileostomy or 
by intestinal intubation has frequently al- 
lowed a spontaneous re-establishment of 
bowel continuity. 

The length of time that may be safely spent 
in efforts at conservative management under 
these conditions has not been clearly defined. 
The chief danger of delay is damage to the 
circulation of distended loops and perforation. 
Toxic factors do not seem to play a réle until 
viability is lost. Careful and repeated ob- 
servations should give warning that the so 
called simple or mechanical obstruction is 
changing to the strangulation type. Imme- 
diate surgical intervention should then be in- 
dicated. If evidence of this misadventure does 
not appear, it is possible that high grade ob- 
structions may undergo spontaneous decom- 
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pression even though distention may persist 
longer than the conventional 24 to 48 hours. 
Careful control of the state of circulation and 
nutrition of the patient by hematocrit or 
hemoglobin readings, and frequent determina- 
tions of chlorides, carbon dioxide combining 
power, plasma protein, and nonprotein nitro- 
gen and adequate supportive and replacement 
therapy has made this prolonged conservative 
treatment possible. 

The records of 7 patients that illustrate, by 
the treatment employed, various aspects of 
this problem have been presented. Prolonged 
treatment of persistent distention and obstruc- 
tion as illustrated by the first patient is prob- 
ably warranted only under unusual circum- 
stances. Earlier decompression might have 
been achieved by supplementing the intuba- 
tion treatment by an aseptic enterostomy. 
The 2d, 3d, and 4th patients represent a more 
conventional form of prolonged conservative 
treatment in which the Miller-Abbott tube is 
of unquestioned value. Case 5 illustrated the 
limitation, and Cases 6 and 7 the value, of 
combinations of intubation therapy and 
surgery. 

CONCLUSIONS 

Decompression by Miller-Abbott tube in- 
testinal intubation and suction is an important 
therapeutic aid in the treatment of intestinal 
obstructions produced by multiple postopera- 
tive or inflammatory adhesions. Since the 
etiology of the obstruction can be determined 
by presumptive evidence, many patients suc- 
cessfully relieved by conservative means will 
not require an elective exploration. Some pa- 
tients relieved conservatively may require 
exploration because of recurring attacks. The 
period that may be expediently used in efforts 
at conservative decompression in this type of 
obstruction must be determined by the de- 
velopments in each patient, and need not be 
defined by a conventional time limit. 
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PECTIN SOLUTIONS IN THE TREATMENT OF SHOCK 


KARL A. MEYER, M.D., F.A.C.S., DONALD D. KOZOLL, M.D., HANS POPPER, M.D., and 
FREDERICK STEIGMANN, M.D., Chicago, Illinois 


EVERAL macromolecular substances, 
such as gum acacia, gelatin, and pec- 
tin, have been recommended for the 
treatment of shock or shock-like states. 

Gum acacia was chiefly used during the first 
World War (4, 10) but was later discarded be- 
cause it was deposited in the liver, affecting 
the hepatic function (2, 13). Gelatin, which 
was also introduced as a plasma substitute 
(4, 18), seems promising (16), although no ex- 
tensive reports have as yet been published as 
to its use in the treatment of human shock. 
Hartman and his collaborators (7, 8) described 
pectin as a plasma substitute which they used 
in the prophylaxis of surgical shock and, in a 
few cases, in the therapy of shock, with prom- 
ising results. Jacobson and Smyth demon- 
strated that the blood volume increases upon 
intravenous administration of pectin. In a re- 
cent publication we (15) were able to demon- 
strate that pectin is effective as a hemodilut- 
ing agent in human patients not in shock. In 
pursuing these studies, it seemed pertinent to 
investigate whether pectin solutions also pro- 
duce hemodilution in patients in shock and, 
at the same time, to examine whether the in- 
travenous administration of pectin improves 
the clinical condition of the patient. 

Reduction of the circulating plasma vol- 
ume, due to circulatory changes or to actual 
loss of plasma, has been recognized as an im- 
portant factor in the mechanism of shock (17). 
Hemodilution with subsequent increase of the 
plasma volume is thus indicated in the ther- 
apy of shock. 


MATERIAL 


Sixty patients who were admitted to the 
hospital in, or developed after operation, a 
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state of shock from various causes, constituted 
the material for this study. Table I lists the 
various types of shock and, at the same time, 
indicates the degree of shock. We have se- 
lected this method of grading for a better in- 
terpretation of the efficacy of pectin. This 
classification was useful also in -another 
study (17): 


Mild. 

1. Decrease in systolic blood pressure of not more 
than 30 millimeters of mercury, as compared 
with the preshock or postshock level. 

2. Increase in radial pulse. 

Moderate. 

1. Decrease in systolic blood pressure of more 
than 30 millimeters of mercury but less than 
50 millimeters of mercury. 

2. Decrease in volume and quality of radial pulse 
with increase in rate. 

3. Diaphoresis. 

Severe. 

1. Decrease in systolic blood pressure greater than 
50 millimeters of mercury. 

2. ‘‘Thready”’ radial pulse (120 per minute or 
more). 

3. Cool moist skin. 

4. Restlessness. 

Profound. 

1. No measureable blood pressure. 

2. No radial pulse. 

3. Rapid respiration. 

4. Cold wet skin. 
5. Stupor. 
6. Cyanosis. 


METHODS 


As soon as the diagnosis of shock was made, 
venous blood was drawn through the needle 
then used for the administration of the buf- 
fered pectin. The pectin solution was de- 
scribed as having an average micellar, or 
‘molecular’ weight of between 50,000 and 
62,000. In Ringer’s or sodium chloride solu- 
tion the 1.5 per cent of pectin has a relative 
apparent oncotic pressure slightly greater 
than that of human plasma and a viscosity 
less than that of whole blood. Before adminis- 
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TABLE I.—TYPE AND DEGREE OF SHOCK IN 60 
PATIENTS TREATED WITH PECTIN SOLUTION 


TABLE II.—THERAPEUTIC RESULTS FOLLOW- 
ING ADMINISTRATION OF PECTIN SOLUTION 


Degree of shock 
Mild | Moder-| severe | 
Postoperative 5 | 20 | 8 5 7 
ts] 
Hemorrhagic = 4 3 | | 
Medical 


tration, the acid solution was buffered with 
sodium phosphate or sodium lactate to a pH 
of about 7.2. 

The blood was collected in a test tube con- 
taining 0.2 milligram dried heparin (liquae- 
min, Roche-Organon, Inc.). Sedimentation 
rate and hematocrit were determined in the 
same Wintrobe tube, the tube being centri- 
fuged for 30 minutes after the rate of sedi- 
mentation had been observed for 1 hour. The 
sedimentation rate was not corrected for ane- 
mia. Hemoglobin was determined by the 
Sahli method, by means of the photoelectric 
colorimeter (9). The density of the plasma, 
which is usually taken as an index of the 
plasma protein concentration, was calculated 
from the specific gravity, by means of the 
Barbour-Hamilton falling drop apparatus 
(3). Total protein nitrogen, nonprotein ni- 
trogen, and albumin nitrogen were deter- 
mined by nesslerization (14). Mean corpuscu- 
lar hemoglobin concentration was calculated 
by the formula of Wintrobe (19): 


Hemoglobin in gm. per 109 c.c. of blood 
Volume of packed red cells per 100 c.c. of blood 


X 100 


After the infusion of pectin was finished, 
and again 24 hours later, samples of blood 
were drawn from the opposite arm and all 
findings were checked. 

The results were subjected to statistical 
evaluation. The t value (5)! indicates the 
statistical significance of the difference be- 
tween pretreatment and posttreatment read- 
ings. t-Values of 2.5 or over were taken as in- 
dicative of a significant difference. 


1t=X</syn 

X=Mean of difference between the determinations before and after 

pectin administration. 

s=Standard deviation. 

(We are indebted to Miss Elizabeth M. Adles for the statistical 
evaluation.) 


Degree of shock 


Remarks 


| Moder- | 
ate Severe | 


s | @ 8 I Pectin alone relieved shock per- 
manently 

3 I 2 Shock relieved by pectin, blood 
given for reasons other than 
shock (anemia, loss of blood) 


Shock not relieved by tooo c.« 
pectin but relieved by blood 
or plasma 


1 2 Shock not relieved immedi 
ately after infusion but some 
time later and patient sur 

| | vived 

Shock relieved but patient died 

of other causes 

Shock not relieved and patient 

died despite administration of 
blood or plasma in addition 


I | 3 I Terminal cases 


RESULTS 


1. Therapeutic effects. The therapeutic re- 
sults obtained after one infusion of 1,000 cubic 
centimeters of pectin were listed according to 
the degree of shock (Table II). Pectin solu- 
tion alone permanently relieved the majority 
of patients exhibiting not too severe types of 
shock. In a few cases, because of anemia or 
blood loss, blood was administered after the 
pectin infusion had relieved the shock. 

In 2 cases of mild and 2 of severe shock, the 
condition was not relieved by a single injec- 
tion of pectin but was relieved by subsequent 
administration of blood. Of these, 1 patient 
with hemorrhagic shock of mild degree and 
another with moderate nonhemorrhagic shock 
responded after the injection of 500 cubic cen- 
timeters of plasma. In 2 cases of profound 
shock one injection of pectin raised the blood 
pressure from zero to 75/60 and 70/40, re- 
spectively, but 1,000 cubic centimeters of 
whole blood in one and 500 cubic centimeters 
of whole blood with 500 cubic centimeters 
plasma in the other, respectively, were also 
given before the shock was permanently re- 
lieved. 

In 3 cases of mild shock no, or only tem- 
porary, relief was achieved, but the patients 
survived. In 3 patients pectin improved 
the symptoms of shock, but the patients died 
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TABLE III.—DATA IN THE FATAL CASES 


Blood pressure Pulse Hematocrit | Hemoglobin | Total protein * Interval 
Degree and mm. Hg. per minute % Gm./% Gm./% nity no, between | Other 
type of Mg-/7% Cause of death | injection! therapy 
shock and 
Before | After | Before} After | Before} After | Before} After | Before} After | Before) After death 
Profound ° ° ° ° 58.5 | 47 16.7 | 13.6 | 9.19 | 7.38 52 78 =| Volvulus 6 Hrs. | sooc.c. 
medi plasma 
Severe ° 142/115| 104 96 | 26.5 | 21.5 8.5 7-1 | 6.12 | 6.46 | raz 112. | Hemorrhage | 4 Days nqgees 
operative Nephrosclerosis lood 
Moderate 80/56 | 106/70 | 150 120 | 38 32 12.4 | 11.5 | 6.29 | 5.31 34 27 +| Shock 24 Hrs. 00 C.C. 
trauma lood 
Severe | ° 60/o 140 | 150 | 44 28.5 | 13.5 | 12.9 | 6.90 | 5.60 33 38 | Peritonitis 12 Hrs. | s00c.c. 
operative plasma 
Moderate 90/7 140/100| 120 110 | 49 41 16.7 | 17.7 | 8.00 | 6.76 35 38 | Perforated 5 Days} sooc.c. 
medical viscus, — plasma 
peritonitis 
Moderate 84/60 | 130/80 | 128 too | 46.5 | 36.5 | 10.7 9.6 | 6.60 | 5.24 69 71 | Cord injury 6 Hrs. 
trauma 
Moderate 86/o 100/79 100 112 | 40 32 12.2 | 11.0 | 6.70 | 6.12 90 80 | Unestablished 3% Hrs. 
*medical 
Profound ° ° 100 100 | 51.5 | 46 17.5 | 16.4 | 8.98 | 7.24 | 150 11s | Uremia 12 Hrs. 
*medical 
Severe 64/0 50/0 144 ° 34 3m | 11.7 9.6 | 7.14 | 6.53 71 Unknown 10 Min. 
*medical | 
Severe 68/24 60/o 132 ° 39 37 16.2 | 16.9 | 7.93 | 7.62 78 73 +| Aneurysm of 6 Hrs. 
*medical aorta 
Severe 52/30 | 66/34 ° 124 | 45 23 14.8 9.6 | 8.30 | 6.80 53 | 61 | Bronchiogenic | 2 Hrs. 
*medical | carcinoma | 


(*) Terminal cases 
o—No obtainable blood pressure or pulse 


later from the underlying disease in spite 
of additional blood or plasma transfusions 
(Table III), only one of them still in shock. 
In three cases, pectin was ineffective and the 
patients succumbed, despite administration of 
blood or plasma in two of them. In five termi- 
nal medical cases in a hypotensive shock-like 
stage, pectin did not influence the fatal out- 
come. 

There was a total of 11 deaths among the 60 
patients. In part this is explained by the in- 
clusion of 5 terminal cases (Table III). The 
latter were selected earlier in this work, not 
with the hope of improving their clinical con- 
dition but to gain clinical experience with pec- 


tin administration. In 8 of the fatal cases, 
nitrogen retention was present. A definite 
improvement in the shock-like state was pro- 
duced in 3, before death occurred due to the 
underlying pathology. In the 5 remaining, 
blood or plasma transfusions were also inef- 
fective. No untoward reactions to the admin- 
istration of pectin occurred in any of the cases. 

2. Influence of pectin upon clinical findings. 
The average improvement in systolic and dias- 
tolic blood pressure was statistically signifi- 
cant and sustained for at least 24 hours 
(Table IV). 

Generally, a decrease of the average pulse 
rate was noted which was maintained for 24 


TABLE IV.—INFLUENCE OF PECTIN ON BLOOD PRESSURE AND PULSE OF PATIENTS 


IN SHOCK 
A immediately after 24 hours after 
administration t value administration t value 
moses of pectin of pectin 
Blood pressure— 
Systolic . 74 mm. Hg. t3 mm. Hg. 7-7 47 mm. Hg. | 7.8 
Diastolic 43 mm. Hg. 25 mm. Hg. 7.7 35 mm. Hg. 7-5 
Pulse 108 per minute —8.24 | 2.0 —5.3 | 1.30 
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TABLE V.—BLOOD CHANGES IN SIXTY PATIENTS IN SHOCK, FOLLOWING ADMINISTRATION 
OF PECTIN SOLUTION 


Average values 
prior to pectin 
administration 


Average percentage 
change immediately 
after administration 


Average percentage 
change 24 hours 
after administration 
of pectin 


t value 
of pectin 


Hematocrit 42.3% 


—19.0 | 11.9 —17.2 6.6 


Hemoglobin 13-3 gm./% 


—14.6 11.2 — 9.6 4-3 


Protein nitrogen 6.78 gm./% 


—14.5 10.3 — 8&3 3.0 


Plasma density 7.00 gm./% 


—12.5 12.3 — 6.2 3-4 


48.6 mgm./% 


Nonprotein nitrogen 


— 1.53 1.7 — 5.07 1.2 


hours. The volume of the pulse improved in 
all cases which responded to therapy. 

Temperature and respiration did not show 
any significant change following the use of 
pectin. Immediate rise of more than 3 de- 
grees F. in temperature occurred in only 1 
case, although in 5 cases such increases were 
seen 24 hours later. However, the underlying 
pathologic condition could have accounted for 
the delayed fever. 

The change in the skin from a cool clammy 
state to a warm dry one, as a result of success- 
ful therapy, was impressive. 

3. Hemodilution and effect upon erythro- 
cytes. Following the administration of pectin 
the hematocrit dropped in all cases, the hemo- 
dilution being maintained for at least 24 hours 
(Table V). The hemoglobin readings followed 
a similar trend, but to a lesser degree, and the 
24 hour value approached somewhat the con- 
trol level. The degree of hemodilution did not 
depend on the original state of hemoconcen- 
tration. Hemodilution was found even in 8 of 
the 11 fatal cases. The difference between the 
decrease in hematocrit and decrease in hemo- 
globin concentration which was constantly 
observed, would point to an increase of the 
mean corpuscular hemoglobin concentration. 
Mean corpuscular hemoglobin concentrations 
were calculated for the individual subjects. 


TABLE VI.—EFFECT OF PECTIN SOLUTION ADMINISTRATION ON SEDIMENTATION RATE 
AND MEAN CORPUSCULAR HEMOGLOBIN CONCENTRATION 


Their average increase of these means was 
slight but statistically significant immediately 
after the pectin infusion (Table VI). 

The decrease of the total protein nitrogen 
equaled that of the hemoglobin whereas the 
plasma density decreased to a lesser degree. 
Increases in these factors were seen infre- 
quently in the samples drawn immediately 
after giving pectin; the hematocrit rose slightly 
in 1 case, hemoglobin in 2, and the plasma den- 
sity and protein nitrogen in 3 each. The 24 
hour samples showed a more frequent increase 
in these factors; the hematocrit rose above 
control values in 3 cases, the hemoglobin in 7, 
the plasma density in 9, and the protein ni- 
trogen in 6. Nevertheless, the mean reduction 
of all factors discussed was statistically signifi- 
cant. The albumin/globulin ratio did not 
change significantly. The nonprotein nitrogen 
showed a tendency to drop, but the individual 
variations were too great to warrant consider- 
ing this change significant. 

The sedimentation rate, on the average, 
was elevated before treatment. This may be 
due to the underlying disease (Table VI). 
After pectin administration the sedimentation 
rate rose consistently and remained elevated 
for at least 24 hours. The rise was propor- 
tionately less in those cases which had an 
unusually elevated rate to begin with. The 


Average change Average change 
Average values | immediately ater | 2p vate 
inistration administration 
of pectin of pectin 
Sedimentation rate 32.1 mm. per hour +25.6 9.1 +27.2 55 
Mean corpuscular hemoglobin concentration 31.9% +1.8 2.9 +2.5 2.3 
Albumin/globulin ratio 1.5 0.9 -+o.01 0.08 
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rate of sedimentation was not affected by the 
subsequent administration of dextrose or sa- 
line solutions, whole blood, or plasma. 

4. Effects of repeated administration of pec- 
tin. In 4 shock cases, administration of 1,000 
cubic centimeters of pectin was repeated be- 
cause the patients’ clinical condition had not 
sufficiently improved. The hemodilution in- 
creased still further, as did the sedimentation 
rate. Therapeutically, the additional amount 
of pectin did not result in further improve- 
ment in any case. 

5. Reactions. Only 1 case had a possible 
pyrogenic reaction after pectin administra- 
tion. Since, however, pectin was transferred 
from the original bottle into a hospital flask, 
the possibility of a secondary contamination 
could not be excluded in this instance. No 
other untoward side effects after pectin were 
noted, nor did the veins at the site of adminis- 
tration show any tendency to thrombosis. 

The administration of blood or plasma after 
pectin produced no untoward results. 


DISCUSSION 


Pectin solutions given intravenously pro- 
duce hemodilution of greater degree in pa- 
tients in shock than in those not in shock, as 
seen from a comparison of the data in this and 
a previous study (15). The degree of hemodi- 
lution can be measured from the hemoglobin 
or the protein nitrogen concentration. Actu- 
ally, the decrease of these two factors runs par- 
allel. That the hemodilution, as measured by 
the plasma density, is less marked is due to the 
fact that the pectin in the plasma increases 
plasma density. The drop of the hematocrit is 
consistently more marked than that of the 
other factors. A possible explanation of this 
phenomenon is a shrinkage of the red blood 
cells. That may increase the hemoglobin con- 
centration of the individual cell without rais- 
ing its hemoglobin content. The latter be- 
comes apparent when the mean corpuscular 
hemoglobin concentration is calculated. 

This shrinkage might be related to the rou- 
leau formation which follows pectin adminis- 
tration and which is indicated by the rise in 
sedimentation rate. If the sedimentation rate 
(due to hemodilution produced) were cor- 
rected for the decrease in the hematocrit, the 


rise would appear less marked. Pseudoagglu- 
tination (rouleau formation) is produced by 
many macromolecular substances (6). Its oc- 
currence has recently been stressed by Ivy and 
his co-workers as a contraindication to the use 
of such plasma substitutes for hemorrhagic 
conditions. Pseudoagglutination reduces the 
initially small number of effective erythrocytes. 
Ivy and co-workers thought, furthermore, that 
pseudoagglutination may cause thrombosis in 
the capillaries. In our material, in cases in 
which anemia or blood loss was never as 
marked as in the dogs of Ivy and his collabora- 
tors, no clinical evidence of such phenomena 
was seen. We therefore do not feel justified in 
considering the rise in sedimentation rate 
(which does not exceed that seen in infections) 
as a contraindication to the use of pectin solu- 
tions in shock except in cases in which the pa- 
tient is exsanguinated. 

It is safe to assume that the hemodilution 
produced by pectin in patients with shock in- 
creases the plasma volume and that the latter 
phenomenon accounts for the beneficial effect 
of pectin solutions, which was striking and 
seen in every degree of shock. Even in mori- 
bund patients pectin produced hemodilution, 
which indicates that even in a terminal stage 
pectin solution does not rapidly leave the cir- 
culation in appreciable amounts. In hemor- 
rhagic shock, an improvement was noted, but 
in this respect our experience is limited. Occa- 
sionally pectin was ineffective, an experience 
encountered in all degrees of shock; in some of 
these failures of pectin, whole blood alone or 
blood and plasma relieved the shock. It is, 
however, possible that if an additional amount 
of pectin had been given, a similar successful 
result might have been obtained with pectin 
alone. The number of our failures is too small 
to draw any conclusion as to whether and to 
what degree plasma is superior to pectin solu- 
tions. It is obvious that pectin cannot sub- 
stitute for whole blood; but our data point to 
its being capable of increasing the plasma vol- 
ume in shock. Even if further comparative in- 
vestigations would show it to be not quite so 
good as plasma, pectin could still earn a place 
as a plasma substitute under emergency con- 
ditions, because it has definite hemodiluting 
effects without having untoward side efiects. 
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The lowering of the protein concentration in 
the plasma following pectin infusion is no con- 
traindication to its use, since it is not the 
plasma protein concentration but the total 
circulating plasma protein that is of signifi- 
cance (1). 
CONCLUSIONS 

Pectin solutions produce marked hemodilu- 
tion in patients with shock and are effective in 
its treatment, as shown in 60 patients. No 
undesirable side effects were noted, save the 


increase in sedimentation rate; the signifi- 


cance of this increase in the nonexsanguinated 
patient is doubtful. 
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SULFANILAMIDE ABSORPTION VIA THE RECTUM 
AND VAGINA 


GEORGE L. CARRINGTON, M_D., F.A.C.S., THEDA ROHRER, M.T., ELSIE JONES, and 
PHYLLIS MOORE, Burlington, North Carolina 


HE purpose of this paper is to report a 

short study of the absorption of sul- 

fanilamide from the vagina and rectum 

when given as a single dose of the dry 
powder at the completion of operations on those 
viscera. 

Previous to these studies made in May and 
June, 1943, over a period of several years we had 
been placing go grains (5.8 gm.) of sulfanilamide 
powder in the rectum as the final procedure in 
hemorrhoid operations. We had also been placing 
a similar amount in the vagina upon completion 
of operations there or as part of the preliminary 
preparations for total abdominal hysterectomy. 
The thought in each case was to decrease local in- 
fection in certainly contaminated fields, with the 
idea of lessening postoperative pain, inflamma- 
tion, and danger. In the cases of total abdominal 
hysterectomies it was thought that the danger of 
peritoneal and fascial plane infection would be de- 
creased. We were not particularly interested in 
the amount of absorption of the drug as the abil- 
ities of both viscera in this regard were known for 
other drugs, and studies had been and were being 
reported for the sulfonamides rectally. 

Nerb, Turrell and Marino (1) early in 1939 had 
reported that sulfanilamide was well absorbed 
from the colon of rabbits. The same group (2) 
reported 18 months later on the absorption of sul- 
fanilamide from the rectum and colon of human 
beings, obtaining results not greatly different from 
those usually obtained by oral administration. 
The drug was given either as a 1 per cent aqueous 
solution or in glycerine suppositories at intervals 
of 3 or 4 hours. Edward H. Wood reported sim- 
ilar results in 3 individuals receiving the drug in 
0.8 per cent solution in tap water by rectum. 

Recently we decided to check on the amount of 
sulfanilamide in the blood of those patients re- 
ceiving the drug by vagina or rectum at the time 
_ of operation. If it were being absorbed it would 
mean that probably sufficient concentration was 
being obtained in the tissues at the site of opera- 
tion to offer considerable protection against sus- 
ceptible organisms. If it were not being ab- 
sorbed, the probabilities were that it was of little 
benefit despite our clinical impression that the 


postoperative course was smoother after its use. 

Twenty-five consecutive patients were studied. 
Eight of these had simple rectal operations for one 
or more of the following conditions: fissure, cryp- 
titis, hemorrhoids, and moderate prolapse. Sev- 
enteen patients had vaginal operations of various 
degrees. Fifteen of the 17 had abdominal opera- 
tions at the same time. Seven of these were total 
abdominal hysterectomies. At the completion of 
the rectal or vaginal operation go grains (5.8 gm.) 
of the dry sulfanilamide powder were placed in 
the rectum or vagina, whichever had been the site 
of operation. Blood studies were begun 6 hours 
later and repeated daily until negative. 

Reference to the chart will show that in general 
the highest concentrations of sulfanilamide in the 
blood were obtained in the first 24 hours. For the 
rectal cases it was obtained in the first 6 hours. 
The same would hold true for the vaginal cases 
also if the exceptional concentration of 9.0 milli- 
grams in the 24 hour specimen of 1 patient were 
disregarded. This finding was not rechecked by 
the laboratory and is out of line with the other 
findings. 

One thing noted early in the study was the 
variability of the blood levels in different individ- 
uals and in the same individual from day to day. 
Absorption was unevenly performed, probably 
due to at least 2 factors: (1) loss of the drug by 
expulsion from the rectum or vagina before ab- 
sorption and (2) lack of sufficient moisture at 
times to render the drug soluble. The variations 
in the second factor were probably responsible for 
many variations in the rate of absorption. 

This was well exemplified by the only patient 
that showed no absorption. She expelled the 
powder from her vagina as a dry cake 2 days after 
the operation which consisted of cauterization of 
the cervix and cholecystectomy. With her it 
probably would have been wise to moisten the 
powder after introduction into a somewhat dry 
vagina. 

SUMMARY 

Twenty-five patients each received go grains 
(5.8 gm.) of dry sulfanilamide powder in a single 
dose at the site of a rectal or vaginal operation. 
All except 1 patient showed some absorption. The 
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TABLE I.—SULFANILAMIDE CONCENTRATION IN BLOOD AFTER SINGLE DOSE 
BY RECTUM OR VAGINA 


| 
| Amt. Drug 6 hrs. 
Hosp. No. Wt. Ibs. | gm. Given per mgm. % | 24 hrs. 2 days 3 days 4 days 5 days 6 days 7 day: 
5.8 Rectum L.7 2.3 


5.8 Rectum 2.3 La 


1.5 


Rectum 2.2 


5.8 


5.8 Rectum 4.0 5.0 


0.5 0.5 0.3 2.0 


5.8 Rectum 2.5 2.5 


6.0 2.0 1.8 


5.8 Rectum 2.7 3.0 


1.5 1.0 0.5 


5.8 Rectum 5-5 3.2 


Tr. 


5.8 Rectum 


Average rectal 2.8 2.2 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 Vagina 


5.8 


5.8 


5.8 


5.8 


5.8 


5.8 


108 


5.8 


Average vaginal 


amount of absorption varied with different in- 
dividuals and probably depended to some degree 
upon both the retention of the powder and the 
availability of moisture for its solution. Blood 
concentration after rectal administration aver- 
aged twice as high as after vaginal. The drug per- 
sisted in the blood from 1 to 6 days, more than 
half being negative on the 3d day. 
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GASTRIC AND DUODENAL 
ULCER AMONG NAVAL 
PERSONNEL 


HE seriousness of the ulcer problem 

is evidenced by the unexpected fre- 

quency of peptic ulcers in the civil 
population (especially among young men) as 
revealed by physical examinations incident to 
the war. Several authors, furthermore, have 
found that go per cent of the soldiers with 
peptic ulcer in the Army of the United States 
had symptoms of ulcer prior to entering the 
service. The problem from the naval stand- 
point does not seem to be with young recruits 
who have ulcers that existed prior to enlist- 
ment. When symptoms of ulcer prevent such 
patients from carrying on the duties of their 
rank or grade, they are discharged from the 
service because medical treatment has been of 
only temporary benefit in most cases and yet 
the patients do not have sufficient trouble to 
The opinions and assertions contained herein are. the private 
ones of the author and are not,to be considered as official or re- 
flecting the views of Navy Department or Naval Service at large. 


1U.S. Nav. M. Bull., 1943, 41: 1679-1682. 
*Ann. Surg., 1943, 118: 489, 408. 


warrant surgical procedures. However, when 
an ulcer develops after a man has entered on 
naval duty or, having so developed and sub- 
sided, becomes reactivated in the course of 
naval duty, it is important to treat the patient 
so that he can return to a trial period of duty 
(even if limited) whenever possible. This is 
particularly true if he is an officer or a special- 
ist who has become a real asset to the service. 
In recent reports on 1,352 patients with 
proved peptic ulcer, from thirteen United 
States Naval Hospitals’”, it is recorded that 92 
per cent were treated medically and 8 per cent 
surgically. Half of those treated medically 
were returned to duty—some only to have the 
site of the ulcer break down later, necessitat- 
ing discharge from service. Of those treated 
medically who were discharged from the serv- 
ice, 25 per cent had been hospitalized repeat- 
edly because of their ulcers. Of those treated 
surgically, 71 per cent were returned to duty. 
In these reports Walters and Butt presented 
one small series of naval patients treated by 
partial (subtotal) gastrectomy, 85 per cent of 
whom were returned to full duty. Although 
their series of patients was not large enough to 
justify definite conclusions, the authors ex- 
pressed the belief that until a ‘much larger 
series of naval patients is operated on and ob- 
served subsequently as regards their reaction to 
naval duty,” radical surgical treatment of cer- 
tain naval patients with chronic, recurrent gas- 
tric or duodenal ulcers is justified. The earlier 
a decision can be made as to the necessity (if 
it exists) for surgery, the earlier the operation 
is done and the patient returned to duty, the 
better the results will be; for prolonged hospi- 
talization is not conducive to a desire to return 
to combat duty. WALTMAN WALTERS. 
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1944 CLINICAL CONGRESS 


HE thirty-second Clinical Congress of 

the American College of Surgeons will 

be held in Chicago, October 23-27, with 

headquarters at the Stevens Hotel. Dr. 
W. E. Gallie, of Toronto, president, and Dr. Irvin 
Abell, of Louisville, president-elect, will preside. 
The keynote of the Congress will be surgery in 
relation to the war. 

Chicago was selected as the meeting place for 
the 1944 Clinical Congress because of its central 
location, thereby minimizing the distance traveled 
by those who will attend, which action is in ac- 
cord with suggestions of the Office of Defense 


REVISED SCHEDULE 


AMERICAN COLLEGE OF SURGEONS 


TO BE HELD IN CHICAGO 


Transportation that such meetings might be held 
despite current travel restrictions. 

The many new developments in surgery in 
military as well as in civilian practice, that should 
be brought to the attention of the fellows, the 
desirability of holding a meeting of the fellows 
for the transaction of business, and the need for 
a convocation at which there might be received 
into fellowship the 1944 initiates as well as those 
upon whom fellowships were conferred in absentia 
in 1942 and 1943, were considered as sound reasons 
for holding a Clinical Congress this year. Programs 
for the Congress will appear in later issues. 


OF 1944 WAR SESSIONS 


the American College of Surgeons announced plans 


for a series of War Sessions to be held in various cities distributed throughout the United States 
and Canada. A revised schedule for these sessions follows: 


I: the February issue of this journal, page 221, 


Date City 
Thursday, March 2........ Minneapolis. .......... 
Saturday, March 4........ Des Moines............ 
Wednesday, March 8...... 
Friday, March 1o.......... 
Monday, March 13........ errr 
Friday, March 17......... 
Monday, March 20........ 
Wednesday, March 22..... Philadelphia........... 
Monday, March 27........ Jacksonville........... 
Friday, March 31.......... Sen Antonio........... 
Tuesday, April 1r......... Salt Lake City......... 
Friday, April 14........... 
Tuesday, April 18......... 
Monday, April 24.......... San Francisco.......... 
Thursday, April 27........ Los Angeles............ 


States and Provinces Headquarters Hotel 


Minnesota, North Dakota, 


Nicollet 
Iowa, Eastern Nebraska, 
Illinois, Wisconsin.............. Stevens 
Ohio, Kentucky, Indiana, 
West Virginia, Tennessee...... Netherland Plaza 
Statler 


Quebec, New Brunswick, Nova 
Scotia, Prince Edward Island, 
Newfoundland............... Mount Royal 
Massachusetts, Maine, New 
Hampshire, Vermont, Rhode 


Island, Connecticut........... Kimball 
Pennsylvania, New Jersey, 

Maryland, District of Columbia, 

Virginia, North Carolina...... Lord Baltimore 
Florida, Georgia, Alabama, 

Texas, Louisiana, Mississippi, 

New Mexico, Mexico......... Gunter 
Oklahoma, Kansas, Arkansas.... Mayo 
Colorado, Wyoming, Western 

Shirley-Savoy 
Utah, Southern Idaho........... Utah 


Washington, Northern Idaho, 


Oregon, Montana............. Davenport 
British Columbia, Alberta ....... Vancouver 
Northern California, Nevada..... Mark Hopkins 
Southern California, Arizona... .. Biltmore 
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